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of  the  Ajssodation. 

AsKUAJs  SiTBscBiBSBS  shsll  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Pound.  They  shall  receive 
graUdUnaly  the  Beports  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  wWiotU  intermission  their 
Annual  Subscription.  By  omitting  to  pay  this  Subscription  in  any  particu- 
lar year.  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and  all 
future  years  the  privilege  of  receiving  the  volumes  of  the  Association  gratis : 
bat  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
sequent Meeting  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Pound,     l^ey  are  eligible  to  all  the  Offices  of  the  Association. 

AasociATES  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 
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XViil  RULES  OF  THE  ASSOCIATION. 

The  Association  consists  of  the  following  classes : — 

1.  life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2»  life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on  ad- 
mission  Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to  the 
payment  of  One  Pound  annually.  [May  resume  their  Membership  after  in- 
tenmssion  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following 
year.  [May  resume  their  Membership  after  intermission  of  Annual  Pay- 
ment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Cotmcil. 

And  the  Members  and  Associates  will  be  entitied  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members')  price, 
according  to  the  following  specification,  viz. : — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  PoTmds  as  a  Book  Subscription,  or,  since  1845,  a 
further  sum  of  Five  Pounds. 

New  life  Members  who  have  paid  Ten  Pounds  as  a  compo- 
sition. 

Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members'  Prices,  viz.  two-thirds  of  the  Publication 

Price, — Old  Life  Members  who  have  paid  Five  Pounds  as  a 
composition  for  Annual  Payments,  but  no  ftirther  sum  as  a 
Book  Subscription. 

Annual  Members  who  have  intermitted  their  Annual  Subscrip- 
tion. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  copies  remain,  at  one-third  of 
the  Publication  Price.  Application  to  be  made  (by  letter)  to 
Messrs.  Taylor  &  Francis,  Red  lion  Court,  Fleet  St.,  London. 
Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEETINGS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Officers 
of  the  Association. 

GEKEBAL  COMMITTEE. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidents  and  Officers  for  the  present  and  preceding  years,  with 
Authors  of  Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
which  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 
as  are  taken  into  consideration  at  the  Sectional  Meetings  of  the  Association. 
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3.  Office-bearers  for  the  time  being,  or  Delegates,  altogether  not  exceed- 
ing tiiree  in  number,  from  any  Philosophical  Society  publishing  Transactions. 

4  Office-bearers  for  the  time  being,  or  Delegates,  not  exceeding  three, 
from  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nominated  in  writing  for  the  Meeting  of  the  year  by  the  Presi- 
dent and  General  Secretaries. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are 
ex-offido  members  of  the  General  Committee  for  the  time  being. 

SBCTIONAL  COlOflTIEES. 

The  General  Committee  shall  appoint,  at  each  Meeting,  Committees,  con- 
Bsting  seyerally  of  the  Members  most  conversant  with  the  several  branches 
of  Science,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shall  report  what  subjects  of  investigation  they  would 
particularly  recommend  to  he  prosecuted  during  the  ensuing  year,  and 
brought  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Beports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  information  of  the  Annual  Meetings. 

COMMITTEE  OF  BSCOMMENBAHONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 
to  be  aidopted  for  the  advancement  of  Science. 

All  E^mmendations  of  Grants  of  Money,  Bequests  for  Special  Be- 
searches,  and  Beports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Becommendations,  and  not  te^en  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Becom- 
mendations. 

LOCAL  COMMITTEES. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
tfembers  of  the  Association  whose  assistance  they  may  desire. 

OFFICEBS. 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee. 

corn'ciL. 
In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee.     The  Council 
may  also  assemble  for  tiie  despatdi  of  business  during  the  week  of  the 
Meeting. 

PAPEBS  A19^D  COMMUNICATIONS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  right  of  property  therein. 

ACCOUNTS. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
Appointed  by  the  Meeting. 
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UNIVERSITY 


Piesidents  and  Secretaries  of  the  Sections  of  the  Association. 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 

COMiriTTEB  OF  SCIENCES,  I. — MATHEMATICS  AlTD  GENERAL  PHYSIOS. 


Date  uid  Place. 


Presidentfl. 


SecretarioB. 


1832.  Oxford DaTiee  Gilbert,  D.C.L.,  FJLS.... 

1833.  Cambridge   ISirD.  Brefwtter,  F.B.S 

18^  Sdinbargh    jBev.  W.  Wbewell,  RRS. 


Bey.  H.  Coddington. 

Prof.  Forbes. 

Prof.  Forbea,  Prof.  Lloyd. 


1835.  BuUin 

1836.  Bristol 

1837.  liTerpool ... 

1838.  Newcastle... 

1839.  Krmiiigliaiii 
184a  Glasgow   ... 

1841.  Plymoath... 

1842.  Manchester 


SECTION  A. — ^MATHEMATICS  AND  PHTBICS. 
Ber.  Dr.  Bobinson 

Ber.  William  Whewell,  FJUS.... 

Sir  D.  Brewster,  F.B.S 


Sir   J.  F.  W.  Herscbel,  Bart, 

F.RS. 
Ber.  Prof.  Whewell,  F.B.S 


1843.  Oca* 

1844.  YoA 

1845.  Gunbridge. 

1816.  Boutfaampton 

1847.  Oxford 

1848.  Swansea  . .. 

1849.  Birmingham 

1850.  Sdinborgh.. 

1851.  Ipswich...... 

1852.  Belfi»t  ... 

1853.  Hull 

1851  liyerpool... 


Ber.  Prof.  Lloyd,  F.B.S 

Very  Bey.   G.    Peacock,    D.D., 
FJLS. 

Prof  M*Culloch,  M.B.IA.    

The  Barl  of  Bosse,  FJI.S 

The  Yeiy  Bey.  the  Dean  of  Ely  . 

Sir  John  F.  W.  Herachel,  Bart, 

F.B.S. 
Bey.  Prof.  Powellt  M.A.,  F.B.S.  . 


Prof.  Forbes,  F.B.S. 


Prof.  Sir  W.    B.   Hamilton,    Prof. 

Wheatstone. 
Prof.  Forbes,  W.  S.  Harris,  F.  W. 

Jemrd. 
W.  S.  Harris,  Bey.  Prof.  Powell,  Prof. 

Steyelly. 
Bey.  Prof.  Cheyallier,  Mijor  Sabine, 

Prof.  Steyelly. 
J.  D.  Chance,  W.  Snow  Harris,  Prof. 

Steyelly. 
Bey.  Dr.  Forbes,  Prof.  Steyelly,  Arch. 

Smith. 
Prof.  Steyelly. 
Prof.  M'Culloch,  Prof.  Steyelly,  Bey. 

W.  Scoresby. 
J.  Nott,  Prof.  SteyeUy. 
Bey.  Wm.  Hey,  Prof.  Steyelly. 
Bey.  H.  Goodwin,  Prof.  Steyelly,  G. 

G.  Stokes. 
John   Drew,    Dr.   Steyelly,    G.    G. 

Stokes. 


Bey.  H.  Price,  Prof.  Ste?elly,  G.  G. 
Stokes. 
Lord  Wrotfcesley,  F.BJS Dr.  Steyelly,  G.  G.  Stokes. 


William  Hopkins,  F  JUS. 


Prof.  J.  D.  Forbes,  F.B.S.,  Sea 
B.S.B. 

Bey.  W.  Whewell,  D.D.,  FJLS., 

Ac. 
Prof.  W.  Thomson,  M.A,  F.B.S. 

L.  &E. 
The  Dean  of  Ely,  F.B.S. 


••••■•••< 


Prof.  Steyelly,  G.  G.  Stokes,  W. 
Bidout  Wills. 

W.  J.  Macquom  Bankine,  Prof. 
Smyth,  Prof.  Steyelly,  Prof.  G.  G. 
Stokes. 

S.  Jackson,  W.  J.  Bfacquom  Bankine, 
Prof.  Steyelly,  Prof.  G.  G.  Stokes. 

Prof.  Dixon,  W.  J.  Macquom  Ban- 
kine, Prof.  Steyelly,  J.  Tyndall. 

B.  Blaydes  Haworth,  J.  I).  SoUitt, 


Prof.  G.  G.  Stokes,  M.A.,  Sec. 
B.S. 


Prof.  Steyelly,  J.  Welsh. 

up, 
Stevelly,  J.  Tyndall,  J.  Welsh. 


J.   Hartnu] 


reuy,  J.  Y 
),  H.  G. 


Puckle,    Prof. 
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REPORT — 1867. 


Date  and  place. 


1855.  Glasgow  ... 

1856.  Gheltenham 
1867.  Dublin 


1858.  Leedfl    

1859.  Aberdeen  ... 

1860.  Oxford 

1861.  ManoheBter. 

1862.  Cambridge  . 

1863.  NewcasUe.. 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 


Presidents. 


Bev.  Prof.  Eelland,  M.A.,  F.B.S. 

L.&E. 
Bev.  B.  Walker,  M.A.,  F.B.8.  ... 

Bey.  T.  B.  Bobinaon,  DD.,  F.B.S., 
MJLLA. 

Bev.  W.  Whewell,  D.D.,  V.P.B.S. 


The  Earl  of  Bosse,  M.A.,  KP., 

F.B.S. 
Bey.  B.  Price,  M.A.,  F.B.S 

a.  B.  Airy,  M.A.,  D.C.L.,  F.B.S. 

Prof.  a.  a.  JStokes,  M.A.,  F.B.S. 

Prof.  W.  J.  Macquom  Bankine, 
C/.E.,  F.B.S. 

Prof.     Cayley,     M.A.,     F.B.S., 

F.B.A.S. 
W.  Spottiswoode,  M.A.,  F.B.S., 

F.B.A.S. 

Prof.  Wheatstone,  D.C.L.,  F.B.S. 

Prof.  Sir  W.  Thomson,  D.C.L., 
F.B.S. 


Secretaries. 


Bey.  Dr.  Forbes,  Prof.  D.  Ghray,  Prof. 

l^pidall. 
C.  Brooke,  Bey.  T.  A.  Southwood, 

Prof.  Steyelly,  Bey.  J.  C.  Tumbull. 


Prof.  Curtis,  Prof.  Hennessy,   P.  A. 
Ninnis,  W.  J. 
Prof.  Steyelly. 


By,   ± 
Ninnis,  W.  J.  Macquom  Bankine, 


rroi.  ateveiiv. 
Bey.  S.  Eamsoaw,  J.  P.  Henneasy, 

Prof.  Stevelly,  H.J.  S.  Smith,  Prof. 

Tyndall. 
J.  P.  Hennessy,  Prof.  Maxwell,  H.  J. 

Smith,  Prof.  Steyelly. 
Bey.  Ot.  C.  Bell,  Bey.  T.  Bennison, 

Prof.  Steyelly. 
Prof.  B.  B.  Cflifton,  Prof.  H.  J.  S. 

Smitti,  Prof.  Stevelly. 
Prof.  B.  B.  Clifton,  Prof.  H.  J.  8. 

Smith,  Prof.  Stevelly. 
Bev.  N.  Ferrers,  Prof.  Fuller,  F.  Jen- 
kin,    Prof.   Steyelly,   Bev.    C.     T. 

Whitley. 
Prof.    Fuller,    F.   Jenkin,   Bev.    a. 

Buckle,  Prof.  Stevelly. 
Bev.  T.  N.  Hutchinson,  F.  Jenkin,  0. 

S.  Mathews,  Prof.  H.  J.  S.  Smith, 

J.  M.  Wilson. 
Fleeming  Jenkin,  Prof.  H.  J.  S.  Smith, 

Bey.  S.  N.  Swann. 
Bev.  C.  Buckle,  Prof.  G.  C.  Foster, 

Prof.  Fuller,  Prof.  Swan. 


CHEMICAL  SCIENCE. 


COMMITTEE  OF  SCIENCES,  II. CHEMISTBT,  MIKEBALOeT. 


1832.  Oxford 

1833.  Cambridge.. 

1834.  Edinburgh  . 


John  Dalton,  D.C.L.,  F.B.S 

John  Dalton,  D.C.L.,F.B.S 

Dr.  Hope ^ 


James  F.  W.  Johnston. 

Prof.  Miller. 

Mr.  Johnston,  Dr.  Christison. 


SECTION  B. CHEMISTBT  AND  MINERALOGY. 


1835.  Dublin 

1836.  Bristol 


Dr.  T.  Thomson,  F.B.S. 
Bev.  Prof.  Gumming  — 


1837.  Liverpool... 
I83a  Newcastle... 

1839.  Birmingham 

1840.  Glasgow    ... 

1841.  Plymouth... 

1842.  Manchester. 

1843.  Cork 

1844.  York 

1845.  Cambridge  . 


Michael  Faraday,  F.B.S 

Bev.  William  Whewell,  F.B.S. . . . 

Prof.  T.  Graham,  F.B.S 

Dr.  Thomas  Thomson,  F.B.S.  ... 

Dr.  Daubeny,  F.B.S 

John  Dalton,  D.C.L.,F.B.S 

Prof.  Apjohn,  M.B.I.A 

Prof.  T.  Ghraham,  F.B.S 

Bev.  Prof.  Cumming 


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Heniy,  W.  Hera- 
path. 

Prof.  Johnston,  Prof.  Miller,  Dr. 
Beynolds. 

Prof.  Miller,  B.  L.  Pattinson,  Thomas 
Bichardson. 

Golding  Bird,  M.D.,  Dr.  J.  B.  Melson. 

Dr.  B.  D.  Thomson,  Dr.  T.  Clark, 
Dr.  L.  Playfair. 

J.  Prideaux,  Bobert  Hunt,  W.  M. 
Tweedy. 

Dr.  L.  Playfair,  B.  Hunt,  J.  Graham. 

B.  Hunt,  Dr.  Sweeny. 

Dr.  L.  Playfair,  B.  Solly,  T.  H.  Barker. 

B.  Hunt,  J.  P.  Joule,  Prof.  Miller, 
E.  Solly. 


PRESIDENTS  AND  SECRETARIES  OP  THE  SECTIONS. 
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Date  and  PlMse. 


$46i  Sou^iainpton 
m.  Oxford  .... 


Prendents. 


Michael  Faraday,  D.C.L.,  F.RS. 

Rer.  W.  V.  Haroourt,  M.  A.,  F JI.S. 

848.  Swansea    ...'Richard  Phillips,  F.B.S 

.^19.  Birmingham:  John  Percy,  M.D.,  F.R.S 

S50.  Edinbiugh  .;Dr.  ChriHtison,  V.P.B.S.E 

851.  Ipewich     ....Prof.  Thomas  Graham,  F.RS 

852.  BelfaBt Thomas  Andrews,  M.D.,  F.B.S. . 

853.  Hull 

851.  lirerpool... 


Secretaries. 


855.  Glasgow    ... 

856.  Cheltenham 


857.  Dublin 
oOc.  liflerta 


Prof.  J.  F.  W.  Johnston,  M.A., 

F.B.S. 
Prof.  W.  A.  Miller,  M.D.,  F.R.S. 

Dr.  Lvon  Playfair,  C.B.,  F.E.S. . 
Prof.  B.  C.  Brodie,  F.B.S 


Prof.     Apjohn,    M.D.,    F.E.S., 

M.R.I.A. 
Sir  J.  F.  W.  Herachel,  Bart, 

D.C.L. 
859.  Aberdeen  ...  Dr.  Lyon  Playfair,  C.B.,  F.B.S.  . 


860,  Oxford Prof.  B.  C.  Brodie,  M.A.,  F.B.S.  . 


861.  Manchester. 

862.  Cambridge  . 

863.  Newcastle.. 
861  Bath 

865.  Birmingham 

866.  Nottingham 


Prof.  W.  A.  Miller,  M.D.,  F.B.S. 
Prof.  W.  A.  Miller,  M.D.,  F  JLS. 

Dr.  Alex.  W.  Williamson,  F.B.S. 

W.  Odling,  M.B.,F.B.S.,  F.C.S.. 

Prof.W.  A.  MiUer,  M.D.,V.P.B.S. 

H.  Benoe  Jones,  M.D.,  F.B.S.  ... 


8S7.  Dondee Prof.T.Anderson,M.D.,F.B.S.£. 


Dr.  Miller,  B.  Hrnit,  W.  Bandall 

B.  C.  Brodie,  B.  Hunt.,  Prof.  Solly. 

T.  H.  Henry,  B.  Hunt,  T.  Williams. 

B.  Hunt,  G.  Shaw. 

Dr.  Anderson,  B.  Hunt,  Dr.  Wilson. 

T.  J.  PearsaU,  W.  S.  Ward. 

Dr.  Gladstone,  Prof.  Hodges,  Prof. 

Bonalds. 
H.  S.  Blundell,  Prof.  B.  Hunt,  T.  J. 

Pearsall. 
Dr.   Edwards,    Dr.    Gladstone,    Dr. 

Price. 

Prof.  Frankland,  Dr.  H.  E.  Bosooe. 
J.    Horsley,    P.    J.  Worsley,    Prof. 

Voelcker. 
Dr.  Davy,  Dr.  GUidstone,  Prof.  Sul- 

liyan. 

Dr.  Gladstone,  W.  Odling,  B.  Rey- 
nolds. 
J.  S.  Brazier,  Dr.  Gladstone,  G.  D. 

liyeing,  Dr.  Odling. 
A.  Vernon  Harcourt,  G.  D.  Liveing, 

A.  B.  Northcote. 
A.  Vernon  Harcourt,  G.  D.  liTcing. 
H.  W.  Elphinstone,  W.  Odling,  Prof. 

Bosooe. 
Prof.  liveing,  H.  L.  Pattinson,  J.  C. 

Sterenson. 
A.  V.    Harconrt,  Prof.  liTeing,  B. 

RiggB' 
A.  y.  Harcourt,   H.  Adkins,  Prof. 

Wanklyn,  A.  Winkler  Wills. 
J.  H.  Atherton,  Prof.  liveing,  W.  J. 

BufiseU,  J.  White. 
A.  Crum  Brown,  Prof.  G.  D.  Lireing, 

W.  J.  BusselL 


GEOLOGICAL  (and,  vmn.  1851,  GEOGRAPHICAL)  SCIENCE. 


COXMirTEX  OF  SCIENCES,  HI. — GEOLOOT  AND  aBOGRAPHT. 


1832.  Oxford.... 

1833.  Cambridge.. 

1834.  Edinburgh 


I  •••••••  I 


R  I.  Mnrchison,  FJEI.S. 

G.  B.  Greenough,  F.B.S 

Prof.  Jameson    


John  Taylor. 

W.  Lonsdale,  John  Phillips. 
Prof.    Phillips,  T.  Jameson   Torrie, 
Bey.  J.  Yates. 


SECTION  G. — GEOLOGY  AND  GEOGRAPHY. 


1835.  Dublin 

1836.  Bristol 

1837.  Liyerpool... 


B.  J.  Griffith  

Bev.  Dr.  Buckland,  F.RS.— ^eo- 

gra^hy,  B.I.Murchison,F.B.S. 

Bey.  Prof.  Sedgwick,F.B.S.— Geo- 

graphy.  G.B.  Greenough,  F.RS. 


1888.  Newcastle.. C.  LyeU,  F.B.S.,  V.P.G.S.— G'eo- 

graphy.  Lord  Prudhope. 
Bey.  Dr.  Buckland,  F.B.S.— (?fo- 
graphy,  G.B.Greenough,F.RS. 


1839.  Birmingham 


Captain  Portlock,  T.  J.  Torrie. 

Wuliam  Sanders,  S.  Stutohbury,  T.  J. 
Torrie. 

Captain  Portlock,  R  Hunter. — Geo- 
graphy,   Captain  H.  M.  Denham, 

W.  C.  Treyelyan,  Capt.  Portlock.— 
Geography »  Capt  Washington. 

George  Lloyd,  M.I).,  H.  E.  Strickland, 
Charles  Darwin. 
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REPORT — 1867. 


Date  and  Place. 


1840.  Glasgow   ... 

1841.  Flymouth.. 

1842.  Manoheeter 

1843.  Cork 

1844.  York 

1846.  Cambridge  . 
1846.  Southampton 


Preaidents. 


1847.  Oxford.. 

1848.  Swansea 

1849.  Birmingham 

1850.  Edinburgh* 


Charles  Lyell,  F.It.S.— (reoora- 
phj^,  Gt.  B.  Greenough,  F.H.S. 

H.  T.  De  la  Beche,  F.B.S. 

B.  I.  ICurohison,  F.B.S 

Biohard    E.     Griffith,    F.B.S., 

M.B.I.A. 
Heniy  Warburton,  M.P.,  Pree. 

G^LSoc. 
BeY.  Prof.  Sedgwick,  M.A.,  F.B.S. 

LeonardHor  Der,F.B.S. — Chogra- 
phy.  G.  B.  Greenough,  F.B.S. 

Very  Bey.  Br.  Buckland,  F.B.S. 

Sir  H.  T.  De  la  Beche,  C.B., 

F.B.S. 
Sir  Charles  I^U,  F.B.S.,  F.G.S. 


Secretariea. 


Sir  Boderiokl.  Murch]son,F.B.S. 


W.  J.  Hamilton,  D.  Milne,  Hugh 
Murray,  H.  B.  Strickland,  John 
Secular,  M.D. 

W.  J.  Hamilton,  Edward  Moore,M.D., 
B.  Hutton. 

E.  W.  BinnOT,  K  Hutton,  Dr.  B. 
Lloyd,  H.  E.  Strickland. 

Francis  M.  Jennings,  H.  E.  Strick- 
land. 

Prof.  Ansted,  E.  H.  Bunbuiy. 

Bey.  J.  0.  Cumming,  A.  0.  Bomsay, 

Bey.  W.  Thorp. 
Bobert  A.  Austen,  J.  H.  Norton,  M.D., 

Prof.  Oldham. — Geography.  Dr.  O. 

T.  Beke. 
Prof.  Ansted,  Prof.  Oldham,  A.   C. 

Bamsay,  J.  Buskin. 
Starling  Benson,  Prof.  Oldham,  Prof. 

Bamsay. 
J.  Beete  Jukes,  Prof.  Oldham,  Prof. 

A.  C.  Bamsay. 
A.  Keith  Johnston,  Hugh  Miller,  Pro- 
fessor Nicol. 


1851.  Ipswich  ... 

1852.  Belfast.... 


1853.  Hull 

1854.  liyerpool .. 

1855.  Glasgow  ... 

1856.  Cheltenham 


1857.  Dublm 

1858.  Leeda  

1859.  Aberdeen.. 

1860.  Oxford 

1861.  Manchester 
1662.  Cambridge 

1863.  Newoaatle.. 

1864.  BaUi    


SROnOK  0.  (confinU^C^.)— OBOLOGY. 

William  Hopkins,  M  JL,  F.B.S... 
lieut-CoL  Poraock,RE.,  F.B.S. 


Prof.  Sedgwick,  F.B.S 

Prof.  Edward  Forbes,  F.B.S.    . 


SirKLMurohison,  FJLa  

Pro£  A.  C.  Bamsay,F.B.S 

The  Lord  Talbot  de  Malahide  ... 

Willuun  Hopkins,  MJL,  LL.D., 

F.B.S. 
Sir  Charles  ]>ell,  LL.D.,  D.C.L., 

P.B.S. 
Bey.    Prof.    Sedgwick,    LL.D., 

F.B.B.,  F.G.D. 
Sir  B.    I.    Murohison,    D.C.L., 

LL.D.,  F.B.S.,  &c. 
J.  Beete  Jukes,  M.A.,  F.B.S 


Prof.    Warington,    W.    Smyth, 

P.B.S.,  F.G.S. 
Prof.  J.  PhiUips,  LLJ).,  F.B.S., 

F.G.S. 


C.  J.  F.  Bunbury,  G.  W.  Ormerod, 

Searles  Wood. 
James  Bryce,  James  MacAdam,  Prof. 

M*Coy,  Prot  NicoL 
Prof.  Harkness,  William  Lawton. 
John  Cunningham,   Prof.  Harkness, 

G.  W.  Ormerod,  J.  W.  Woodall. 
James  Bryce,  Prof.  Harkness,  Prof. 

NiooL 
Bey.  P.  B.  Brodie,  Bey.  B.  Hepwortfa, 

Edward  Hull,  J.  Soougall,T.Wri^t. 
Prof.  Harkness,  Gilbert  Sanders,  Bo- 
bert H.  SootL 
Prof.  Nicol,  H.    C.  Borby,  R    W. 

Shaw. 
Profl  Harkness,  Bey.  J.  Longmuir,  H. 

C.  Sorby. 
Prof.  Harkness,  Edward  Hull,  Capt. 

WoodalL 
Prof.  Harkness,  Edward  Hull,  T.  Bu- 

pert  Jones,  G.  W.  Ormerod. 
Lucas  Barrett,  Prof.  T.  Bupert  Jones, 

H.  C.  Sorby. 
E.  F.  Boyd,  John  Dafflish,  H.  C.  Sor- 
by, Thomas  Sopwiu. 
W.  B.  Dawkins,  J.  Johnston,  H.  C. 

Borby,  W.  Pengelly. 


*  At  the  Meeting  of  the  General  Committee  held  in  Edinburgh,  it  was  agreed  *'  That  the 
subject  of  G^eography  be  separated  from  Geology  and  combined  with  Ethnolo^,  to  consti- 
tute a  separate  Section,  under  the  title  of  the  "  Geographical  and  Ethnological  Section,** 
for  Presidents  and  Secretaries  of  which  see  page  nxi. 


P&BSIDENTS  AND  SECRETARIES  OF  THE  SECTIONS. 


I^  and  place. 


I865.Binimigfaain 

1866.  Nottingham 

1867.  Dundee  ... 


Presidents. 


Sir  B.  I.  liurchiflon,  Bart,  KCB. 
Prof.  A.  C.Bamsay,  LL.D.,F.B.S. 
Archibald  GFeikie,  F.KS.,  F.G.S. 


SecreUunee. 


Ber.  P.  B.  Brodie,  J.  Jones,  Bey.  E. 

Myers,  H.  C.  Sorby,  W.  PengeUy. 
B.  Ktheridge,  W.  PengeUy,  T.  WU- 

Bon,  G.  H.  Wriffht 
Edward  Hull,  W.  PengeUy,.  Henry 

Woodward. 


BIOLOGICAL  SCIENCES. 


OOlOflTrBB  OP  8CXEKCB8,  IT. — ZOOLOGY,  BOTANT,  PHTBIOLOOT,  ANATOKT. 


832.  Oxford. 


Rer.  P.  B.  Duncan,  F.G.S 

833.  Ounbridge*  Ber.  W.  L.  P.  Gamons,  F.U3.... 
83t  Edinburgh  _     ^  ^    - 


Prof.  Ghraham 


Eer.  Prof.  J.  S.  Henslow. 
C.  O.  Babington,  D.  Don. 
W.  YarreU,  Prof.  Burnett 


SECnOK  D. — ZOOLOGY  AKD  BOTANY. 


835.  Dublin. 

836.  Bristol 


Dr.  Allman 

Ber.  Prof.  Henslow 


837.  LiTorpool... 

838.  NewoBstle 

839.  BirminA^uun 
^VL  Glasgow  ... 

841.  Plymouth 

842.  Maacheeter 


Sir  W.  Jardine,  Bart 


Prof.  Owen,  FJLS 

Sir  W.  J.  Hooker,  LL.D. 


843.  Cork.. 

844.  York 


845.  Cambridge 


1847.  Oxford. 


John  Bichardson,  M.D.,  F.BS.. . . 
Hon.  and  Very  Bey.  W.  Herbert, 

LLJD.,  F.L.a 
WilHamThompflon,FJj.S 


Very  Bey.The  Dean  of  Manchester 

Bey.  Prof.  Henslow,  F.L.S 

846.  Sonthampt^  Sir  J.  Biobardson,  M.D.,  F JUS.. . 


H.  E.  Strickland,  M.A.,  F.BS.... 


J.  Curtis,  Dr.  Litton. 

J.  Curtis,  Prof.  Don,  Dr.  Biley,  S. 
Bootsey. 

0.  0.  Babington,  Bey.  L.  Jenyns,  W. 
Swainson. 

J.  E.  €hray,  Prof.  Jones,  B  Owen,  Dr. 
Bichardson. 

E.  Forbes,  W.  Ick,  B.  Patterson. 

Prof.  W.  Couper,  E.  Forbes,  B.  Pat- 
terson. 

J.  Conch,  Dr.  Lankeeter,  B  Patterson. 

Dr.  Lankeeter,  B  Patterson,  J.  A. 
Turner. 

G.  J.  Allman,  Dr.  Lankester,  B.  Pat- 
terson. 

Prof.  Allman,  H.  Gk>odsir,  Dr.  King, 
Dr.  Lankester. 

Dr.  Lankester,  T.  Y.  WoUaston. 

Dr.  Lankester,  T.  Y.  WoUaaton,  H. 
Wooldridge. 

Dr.  Lankester,  Dr.  Melyille,  T.  Y. 
WoUaston. 


SBCnON  D. — ZOOLOGY  AND  BOTANY,  INCLUDING  PHYSIOLOGY. 

[For  Anatomical  and  Physiological  Subsections  and  the  temporary  Section  E  of  Ana- 
tomy and  Medicine,  see  pp.  xxx,  xxxL    For  the  Presidents  and  Secretaries  see  p.  xxxi.] 


loxO. 

1849.  Birmingham 

1850.  Edinboigh  .. 

1851.  Ipswich 

1852.  Bel&st  

l«53.HnIl 


L.  W.  DiUwyn,  F.B.S. 

William  Spenoe,  F.B.S 

Prof.  Goodsir,  F.BS.L.&E.    ... 

Bey.  Prof.  Henslow,  M.  A.,  F.BS. 

W.OgUby 

C.  C.  Babington,  M.A,  F.BS.... 


Dr.  B  Wllbraham  Falconer,  A.  Hen- 
frey,  Dr.  Lankester. 

Dr.  Lankester,  Dr.  BusseU. 

Prof.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 
kester, Dr.  Douglas  Maclagan. 

Prof.  Allman,  F.  W.  Johnston,  Dr.  E. 
Lankester. 

Dr.  Dickie,  George  C.  Hyndman,  Dr. 
Edwin  Lankester. 

Bobert  Harrison,  Dr.  E.  Lankester. 


*  At  this  Meeting  Physiolo^  and  Anatomy  were  made  a  separate  Committee,  for 
PKsidentB  and  SecreSiries  of  which  see  p.  xxx. 


REPORT 1867. 


Date  ftnd  PUoe. 

1854.  Liverpool ... 

1855.  Glasgow    ... 

1856.  Cheltenham . 

1857.  Dublin  

XoOo.  Jjeeoyi 

1859.  Abeideen  ... 

1860.  Oxford  

1861.  Manchester . 

1862.  Cambridge  .. 

1863.  Newcastle... 

1864.  Bath 

1865.  Birmingham 


Presidents. 


Prof.  Balfour,  M.D.,  F.B.S 

Ber.  Dr.  Fleeming,  F.R.S.E.    ... 
Thomas  Bell,  F.B.S.,  Pre8.L.S. 

Prof.  W.  H.  Harvey,  M.D.,F.B.S. 


C.  C.  Babington,  M.A.,  F.B.S. ... 

Sir  W.  Jardine,  Bart,  F.B.S.E. . 

Bev.  Prof.  Henslow,  F.L.S 

Prof.  C.  C.  Babington,  F.B.S. ... 

Prof.  Suxley,  F.B.S 

Prof.  Balfour,  M.D.,  F.B.S 

Dr.  John  B.  Gray,  F.R.S 

T.  Thomson,  M.D.,  F.RS 


Secretaries. 


Isaac  Byerley,  Dr.  E.  Lankester. 
William  Keddie,  Dr.  Lankester. 
Dr.  J.  Abercrombie,  Prof.  Buckman, 

Dr.  Lankester. 
Prof.  J.  B.  Kinahan,  Dr.  E.  Lan- 
kester, Bobert  Patterson,  Dr.  W.E. 

Steele. 
Henry  Denny,  Dr.   Heaton,   Dr.  E. 

Lankester,  l)r.  E.  Perceval  Wright. 
Prof.  Dickie,  M.D,  Dr.  E.  Lankester, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright. 
Dr.  T.  Aloock,  Dr.  E.  Lankester,  Dr. 

P.  L.  Sclater,  Dr.  E.  P.  Wright. 
Alfred  Newton,  Dr.  E.  P.  Wright. 
Dr.  E.  Charlton,  A.  Newton,  Bev.  H. 

B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  Brady,  C.  E.  Broom,  H.  T. 

Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Bev.  C.  Clarke,  Bev. 

H.  B.  Tristram,  Dr.  E.  P.  Wright. 


SECTIOK  D. — BIOLOGT*. 


1866.  Nottingham. 


1867.  Dundee 


Prof.  Huxley,  LL.D,  F.B.S.— 
Physiological  Dep,  Prof.  Hum- 
pi^,  M.D.,  F.B.S.— 2i«^Aropo- 
togicalDep.  Alfred  B.  Wallace, 
RB.G.S. 

Prof.  Sharpey,  M.D.,  Sec.  B.S.— 
Dep,  of  ZooL  and  Bot,  Qeorge 
Busk,  M.D.,  F.B.S. 


Dr.  J.  Beddard,  W.  Felkin,  Bev.  H. 
B.  Tristram,  W.  Turner,  E.  B. 
Tylor,  Dr.  E.  P.  Wright 


C.  Spenoe  Bate,  Dr.  S.  Cobbold,  Dr. 
M.  Foster,  H.  T.  Stainton,  Bev.  H. 
B.  Tristram,  Prof.  W.  Turner. 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES. 

COMMITTEES  OF  SCIENCES,  V, ANATOMY  AND  PHT8I0L0GY. 

1833.  Cambridge  .Dr.  Haviland [Dr.  Bond,  Mr.  Paget. 

1834.  Edinburgh  ..  Dr.  Abercrombie    jDr.  Boget,  Dr.  William  Thomson. 

SECTION  E.  (until  1847.) ANATOMY  AND  MEDICINE, 


1835.  DubUn  

1836.  Bristol  

1837.  Liverpool ... 

1838.  Newcastle... 

1839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 


1842.  Manchester . 

1843.  Cork 

1844.  York 


Dr.  Pritchard 

Dr.  Boget,  F.RS 

Prof.  W.  Clark,  M.D 

T.  E.  Headhun,  M.D 

John  YeUoly,  M.D.,  F.RS 

James  Watson,  M.D 


P.  M.  Boget,  li.D.,  Sec.  B.S.  .. 


Dr.  Harrison,  Dr.  Hart. 

Dr.  Symonds. 

Dr.  J.  Carson,  jun.,  James  Long,  Dr. 

J.  B.  W.  Vose. 
T.  M.  Greenhow,  Dr.  J.  B.  W.  Vose. 
Dr.  G.  O.  Bees,  F.  Byhmd. 
Dr.  J.  Brown,  Prof.  Couper,  Prof. 

Beid. 
Dr.   J.  Butter,  J.  Fuge,  Dr.  B.  S. 

Sajqgent 
Dr.  Chaytor,  Dr.  Sargent 
Dr.  John  Popham,  Dr.  B.  S.  Sai^nt 


Edward  Hohne,  M.D.,  F.L.S.  .. 

Sir  James  Pitcaim,  M.D , ^ 

J.  C.  Pritchard,  M.D I.  Eriohsen,  br.  B.  S.  Saigrat 

^  At  the  Meeting  of  the  General  Committee  at  Birmingham,  it  was  resolved : — "  That  the 
title  of  Section  D  be  changed  to  Biologr ;  '*  and  *'  That  for  the  word  '  Subsection '  in  the 
third  paragraph  of  the  business  of  the  Sections,  the  word  *  Department  *  be  substituted." 


PRESIDENTS  AND  SECBETABIE8  OF  THE  SECTIONS. 


XXXI 


Date  and  Flioe. 


Presidents. 


Secretaries. 


SECTION  B. — PHTBIOLOGT. 


l^la  Gunbridge  ..IProf.  J.  Hanland,  M.D. 


>•••••< 


1S46.  ScmtliampioD 
IW.  Qrfoid* 


!••••• 


Prof.  Owen,  M.D.,  F.R.S. 
Prof.  Ogle,  M.D.,  F.B.8 


Dr.  B.  S.  Sargent,  Dr.  Webster. 
C.  P.  Keele,  Dr.  liajoock,  Dr.  Suigent. 
Dr.  Thomas,  K.  Chambers,   W.  P. 
Ormerod. 


PHTSIOLOOICAIi  ST7BS1SCTIOK8. 


1650.  Sdinbnr^  .. 

1855.  Glaagow    . 
1697.  Dnb&i  .... 

1856.  lioeds 

1859.  Abodeen  .. 

1860.  Oxford 

1861.  Manchester . 

1862.  Camfaridge .. 

1863.  Newcastle... 

1851.  Bath 

1865.  Birmingham 


Prof.  Bennett,  M.D.,  F.B.SJL  ... 
Prof.  Allen  Thomson,  F.B.S.    . . . 

Prof.  B.  Harrison,  M.D 

Sir  Be^jamm  Brodie,Bart,F.Ra 
Prof.  Sharpey,  M.D.,  Seo.  B.S.... 
Prof.  G.  BoUeston,  M.D.,  F.L.S. 
Dr.  John  DaYy,  F.B.S.L.  &£.... 

C/.  Jul.  Iraget,  jOu..U. 

Prof.  BoUeston,  M.D.,  F.B.S.  ... 
Dr.  Edward  Smith,  LLJ).,  F.B.S. 
Prof.  Adand,  M.D.,  LL.D.,F.B.S. 


Prof.  J.  H.  Corbett,  Dr.  J.  Stmthers. 
Dr.  B.  D.  Lyons,  Prof.  Bedfem. 
C.  a.  Wheelhoase. 
Prof.  Bennett,  Prof  Bedfem. 
Dr.  B.  M'Donnell,  Dr.  Edward  Smith. 
Dr.  W.  Boberts,  Dr.  Edward  Smith. 
G.  F.  Helm,  Dr.  Edward  Smith. 
Dr.  D.  Embleton,  Dr.  W.  Turner. 
J.  S.  Bartrmn,  Dr.  W.  Turner. 
Dr.  A  Fleming  Dr.  P.  Heslop,  Oliyer 
Pembleton,  Dr.  W.  Turner. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Presidents  and  Secretaries  previous  to  1851,  see  Section  C,  p.  xxvii.] 


ETHKOLOGICAL  SUBSSCTIOKS. 


1846.Soiitl]ampton 

1847.  Oxford  

1848.  Swansea 

1849.  Birmingham 
Idaa  Glasgow    ... 


Dr.  Pritchard 

Prof.  H.  H.  Wilson,  M.A 


Vice-Admiral  Sir  A  Malcolm  .., 


Br.  King. 
Prof.  Buckley. 
G.  Grant  Francis. 
Dr.  B.  G.  Latham. 
Daniel  Wilson. 


SECTION  E.— OBOGRAPHT  AKD  ETHNOLOGY. 


1851.  Ipswich 

1852.Belfiwt  

1853.  Hull 

1854.  LtTerpool  . .  ■ 
1856.  Glasgow  ... 
1856.  Cheltenham. 
1857.Dnblin  ... 
1858.  Leeds 


Sir  B.  I.  Mnrdiison,  F.B.S.,  Pres. 

KG.S. 
Col.    Chesnej,     BA.,     D.C.L., 

F.B.8. 
B.  G.  Latham,  M.D.,  F.B.S.    . . . 

Sir  B.   I.  Murchison,  D.C.L, 

F.B.S. 
Sir  J.  Bichardson,  MJ).,  FJLS. 

Ck>L  Sir  H.  C.  Bawlinson,  K.CJB. 

Ber.  Dr.  J.  Henthawn  Todd,  Pres. 

RLA 
Sir  R  L  Murchison,  G.C.StS., 

F.B.S. 


B.  Cull,  Bey.  J.  W.  Donaldson,  Dr. 
Norton  Shaw. 

B.  Cull,  B.  MacAdam,  Dr.  Norton 
Shaw. 

B.  Cull,  Bey.  H.  W.  Kemp,  Dr.  Nor- 
ton Shaw. 

Bichard  Cull,  Bey.  H.  Higgins,  Dr. 
Hme,  Dr.  Norton  Shaw. 

Dr.  W.  G.  Blackie,  B.  Cull,  Dr.  Nor- 
ton Shaw. 

K  Cull,  F.  D.  Hartland,  W.  H.  Bom- 
sey,  Dr.  Norton  Shaw. 

B.  Cull,  S.  Ferguson,  Dr.  B.  B.  Mad- 
den, Dr.  Norton  Shaw. 

B.  Cull,  Francis  Galton,  P.  O'Cal- 
laghan,  Dr.  Norton  Shaw,  Thomas 
Wright 


*  By  direction  of  the  General  Committee  at  Oxford,  Sections  D  and  E  were  incorporated 
xmder  the  name  of  "  Section  D — ^Zoology  and  Botany,  including  Physiology  "  (see  p.  xziz). 
S«lion  being  then  yacant  was  assignedin  1851  to  Geography. 
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Bate  and  Place. 


1859.  Aberdeen  . . . 

1860.  Oxford 

1861.  Manehester . 

1862.  Cambridge  .. 

1863.  Newcastle  ... 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham. 

1867.  Dundee 


FresidentB. 


Secretaries. 


Bear-Admiral  Sir  James  Clerk  Bichard  Cull,  Professor  Geddes,  Dr. 

Boss,  D.C.L.,  F.B.S.  "  ~ 

Sir  B.  I.  Murchison,  D.C.L., 

John  Crawfurd,  F.B.S 


Francis  Galton,  F.B.S 

Sir  B.  I.  Murchison,  K.C.B., 

F.B.S. 
Sir  B.   I.   Murchison,  K.C.B., 

F.B.S. 
Major-G^eral  Sir  B.  Bawlinson, 

M.P.,  K.C.B.,  F.BtoS. 
Sir  Charles   Nicholson,    Bart, 

LL.D. 


Sir  Samuel  Baker,  F.B.a.S. 


Norton  Shaw. 
Capt  Burrows,  Dr.  J.  Hunt,  Dr.  C. 

Lempriere,  Dr.  Norton  ffliaw. 
Dr.  J.  Hunt,  J.  Kingslej,  Dr.  Norton 

Shaw,  W.  Spottiswoode. 
J.  W.  Clarke,   Bev.  J.   GHoTer,   Dr. 

Hunt,  Dr.  Norton  Shaw,  T.  Wright. 
C.  Carter  Blake,  Hume  Creenfield, 

C.  B.  Markham,  R  S.  Watson. 

H.  W.  Bates,  C.  B.  Markham,  Capt. 

B.  M.  Murchison,  T.  Wright 
H.  W.  Bates,  S.  Evans,  G.  Jabet,  C. 

B.  Markham,  Thomas  Wright 
H.  W.  Bates,  Ber.  E.  T.  Cudns,  R. 

H.  Major,  Clements  B.  Markham, 

D.  W.  Nash,  T.  Wright 
:.  W.  Bates,  Cyril  (Sraham,  C.  R. 

Markham,  S.  J.  Mackie,  R  Sturrook. 


STATISTICAL  SCIENCE. 


COMHITTEES  OF  8GIEKCES,  TI. STATISTICS. 

1833.  Cambridge  .  Prof.  Babbaee,  F.B.S J.  E.  Drinkwater. 

1834.  Edinburgh  .  Sir  Charles  Lemon,  Bart Dr.  Cleland,  C.  Hope  Madean. 


SSCnOK  P. — STATISTICS. 


1835.  Dublin 

1836.  Bristol 


1837.  Liverpool ... 

1838.  Newcastle... 

1839.  Birmingham 

1840.  Glasgow    ... 

1841.  Plymouth... 

1842.  Manchester . 


Charles  Babbage,  F.B.S 

Sir  diaries  Lemon,  Bart,  F.B.S. 


Bt  Hon«  Lord  Sandon 

Colonel  Sykes,  F.B.S. 
Henry  Hallam,  F.B.S. 


•••••••••••a 


Bt  Hon.  Lord  Sandon,  F.B.S., 

M.P. 
Lieut-CoL  Sykes,  F.B.S 


1843.  Cork 

1844.  York 

1845.  Cambridge .. 
1846.Southampton 


1847.  Oxford 


1848.  Swansea    ... 

1849.  Birmingham 

1850.  Edinburgh .. 


1851.  Ipswich. 

1852.  Belfast  . 


1853.  HuU 


W.  Greg,  Prof.  Longfield. 

Bev.  J.  B.  Bromby,    C.  B.  Fripp, 

James  Heywood. 
W.  B.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 
W.  Cargill,  J.  Heywood,  W.  B.  Wood. 
F.  Clarke,  B.  W  Bawson,  Dr.  W.  C. 

Tayler. 
C.  B.  Baurd,  Prof.  Bamsay,  B.  W. 

Bawson. 
Bev.  Dr.  Byrth,  Bey.  B.  Luney,  B. 

W.  Bawson. 
Bev.  B.  Luney,  G.  W.  Ormerod,  Dr. 

W.  C.  Tayler. 
Dr.  D.  Bullen,  Dr.  W.  Cooke  Tayler. 
J.  Fletcher,  J.  Heywood,  Dr.  Laycock. 
J.  Fletcher,  W.  Cooke  Tayler,  LL.D. 
J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W. 

C.  Tayler,  Bev.  T.  L.  Shapoott. 
Bev.  W.  H.  Cox,  J.  J.  Danson,  F.  G. 

P.  Neison. 
J.  Fletcher,  Capt  K  Shortrede. 
Dr.  Finch,  Prof.  Hancock,  F.  G.  P. 

Neison. 
Prof.  Hancock,  J.  Fletcher,  Dr.  J. 

Stark. 
J.  Fletcher,  Prof.  Hancock. 
His  Grace    the  Archbishop   oflProf.  Hancock,  Prof.  Ingram,  James 


G.  W.  Wood,  M.P.,  F.L.S 

Sir  C.  Lemon,  Bart,  M.P 

Lieut-Col.  Sykes,  F.B.S.,  F.L.S. 
Bt  Hon.  The  Earl  Fitzwilliam. . . 
G.  B.  Porter,  F.B.S 


Travers  Twiss,  D.C.L.,  F.RS.  ... 

J.  H.  Vivian,  M.P.,  F.B.S.   .... 
Bt  Hon.  Lord  I^ttelton  


''ery   Bev.    Dr.    John    Lee, 
V.P.B.S.E. 
Sir  John  P.  Boileau,  Bart. 


Dublin. 
James  Heywood,  M.P.,  F.B.S. . . . 


MacAdam,  Jun. 
Edward  Cheshire,  William  Newmarch. 


PRESIDENTS  AND  SECRETARIES  OP  THE  SECTIONS. 
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Bate  and  Place. 


18H.  Liyerpool  . . 


President 


18dJi  aiflflgow B.  Monckton  Milee,  M.P. 


ThomaB  Tooke,  F.B.S 


Secretariei. 


E.  Cbeahire,  J.  T.  Danson,  Dr.  W.  H. 

Duncan,  W.  Newmarch. 
J.  A.  CampbeU,  E.  Cheshire,  W.  New- 

march,  Prof.  R.  H.  Walah. 


1^56.  ChelteiLhain 


l%7.DubUn  

1^^.  LeedB 

1859.  Aberdeen  ... 

ISea  Oxford  

1861.  Mancheeter 

1^<>2.  Cambridge.. 
1863.  Kewcaatle ... 

1861  Bath. 

1865.  Birmingham 

1866.  Nottin^^iam 

1867.  Dundee 


SECTION  P. — ECONOMIC  SCIENCE  AND  STATISTICS. 

Bt  Hon.  Lord  Stanley,  M.P.   ...  Rer.  C.  H.  Bromby,  E.  Cheshire,  Dr. 

W.  N.  Hancock  Newmarch,  W.  M. 

Tartt. 
Hifl   Grace   the    Arohbishop  of* Prof.  Cairns,  Dr.  H.  D.  Hutton,  W. 
^  ,,.     -^-r.-.-  .  Newmarch. 


Dublin,  M.RI.A. 
Edward Baines  .... 


Col.  Sjkes,  M.P.,  F.B.S 

Nassau  W.  Senior,  M.A.  

William  Newmareh,  F.BS 


Edwin  Chadwick,  C.B , 

William  Tite,  M.P.,  F.BS.  .. 


William    Farr,    M.D.,    D.C.L., 

F.B.S. 
Bt.  Hon.  Lord  Stanley,  LL.D., 

M.P. 
Prof.  J.  E.  T.  Bogers 


T.  B.  Baines,  Prof.  Cairns,  S.  Brown, 

Capt.  Fishboume,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strang. 
Edmund  Macrory,    W.  Newmarch, 

Bev.  Prof.  J.  E.  T.  Bogers. 
David  Cliadwick,  Prof.  B.  C.  Christie, 

E.  Macrory,  Bev.  Prof.  J.  E.  T. 

Bogers. 
H.  D.  Macleod,  Edmund  Macrory. 
T.    Doubleday,     Edmund    Macroiy, 

Frederick  Purdy,  James  Potts. 
E.  Macrory,  E.  T.  Payne,  F.  Purdy. 


G.  J.  D.  Goodman,  G.  J.  Johnston, 

E.  Macrory. 
B.  Birkin,  Jun.,  Prof.  Leone  Levi,  E. 

Macrory. 
M.  E.  Grant  Duflf,  M.P Prof.  Leone  Levi,  E.  Macroiy,  A.  J. 

Warden. 


MECHANICAL  SCIENCE. 


SECTION  0. MECHANICAL  SCIENCE. 


1^<36.  Bristol  

1837.  liTerpool  ... 

1838.  Newcastle  ... 

1839.  Birmingham 

1840.  Glasgow    ... 

1841.  Plymouth... 

1842.  Manchester . 

1843.  Cork 

1844.  York 

1845.  Cambridge .. 

1846.  Southampton 

1847.  Oxford  

1^.  Swansea 

1849.  Birmingham 
1^^.  Edinburgh.. 

18t51.  Ipswich 

1852.  Belfast  

1867. 


Davies  Gilbert,  D.C.L.,  F.B.S... 

Ber.  Dr.  Bobinson 

Charles  Babbage,  F.B.S. 


••••••••• 


Prof.  Willi*,  F.B.S.,  and  Bobert 

Stephenson. 
Sir  John  Bobinson 


•••••' 


John  Taylor,  F.B.S 

BeT.  Prof.  WiUis,  F.B.S.  ... 


Prof.  J.  Macneill,  M.B.I.A 

John  Taylor,  F.B.S 

George  Kennie,  F.B.S 

Bev.  Prof.  WUlis,  M.  A,  F.B.S. 


•••«•• 


T.  G.  Bunt,  G.  T.  aark,  W.  West. 

Charles  Yignoles,  Thomas  Webster. 

B.  Hawthorn,  C.  Vignoles,  T.  Web- 
ster. 

W.  Carpmael,  William  Hawkes,  Tho- 
mas Webster. 

J.  Scott  BiLsscU,  J.  Thomson,  J.  Tod, 
C.  Vignoles. 

Henry  Chatfield,  Thomas  Webster. 

J.  F.  Bateman,  J.  Scott  Bussell,  J. 
Thomson,  Charles  Vignoles. 

James  Thomson,  Bobert  Mallet. 

Charles  Vignoles,  Thomas  Webster. 

Bev.  W.  T.  Kingaley. 

William  Betts,  Jun.,  Charles  Manby. 


Bev.  Prof.  Walker,  M.A.,  F.B.S.1J.  Glynn,  B.  A.  Le  Mesurier. 


Bev.  Prof.  Walker,  M.A.,  F.BS 
Bobert  Stephenson,  M.P.,  F.B.S. 

Bev.  Dr.  Kobinson 

William  Cubitt,  F.B.S 

John  Walker,  C.E.,  LL.D.,F.B.S. 


B.  A.  Le  Mesurier,  W.  P.  Struv6. 
Charles  Manby,  W.  P.  Marshall 
Dr.  LeeSr  David  Stevenson. 
John  Head,  Charles  Manby. 
John  F.  Bateman,  C.   B.   Hancock, 
Charles  Manby,  James  Thomson. 
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Date  and  Place. 


President. 


S53.  Hull 

854.  liFerpool ... 

855.  Glasgow    ... 

856.  Cheltenham 

857.  Dublin  


William  Fairbairn,  C.E.,  F.R.S. 

John  Soott  Buasell,  F.R.S.. 

W.  J.  Macquorn  Bankine,  O.E., 

r.R.s. 

Qeorge  Bennie,  F.R.S 


858.  Leeds 

859.  Aberdeen  ... 


860.  Oxford  .... 

861.  Manchester . 

862.  Cambridge .. 
803.  Newcastle... 


Bosse,  F.B.S. 

William  Fairbairn,  P.B  S 

Rev.  Prof.  Willis,  M.A.,  F.R.S. . 

Prof.  W.  J.  Macquorn  Rankine. 

LL.D.,  F.R.S. 
J.  F.  Bateman,  C.B.,  F.R.S 

William  Fairbairn,  LL.D.,  F.R.S. 
Rey.  Prof.  WiUis,  M.A.,  F.R.S.  . 


864.  Bath  J.  Hawkshaw,  F.R.S 

865.  Birmingham  Sir  W.   G.  Armstrong,  LL.D.. 

F.R.S. 
806.  Nottingham  Thomas     Hawksley,     V.P.Inst. 

Cxt.,  F.G.S. 
867.  Dundee Prof.  W.  J.  Macquorn  Rankine, 

LL.D.,  F.R.S. 


Secretaries. 


James  Oldham,  J.  Thomson,  W.  Sjkes 

Ward. 
John  Grantham,  J.  Oldham,  J.  Thom> 

son. 
L.  Hill,  Jun.,  William  Ramsay,  J. 

Thomson. 
C.  Atherton,  B.  Jones,  Jun.,  H.  M. 

Jeffery. 
The  Bight  Hon.  The    Earl  ofl Prof.  Downing,  W. T.  Doyne,  A.Tate, 


James  Thomson,  Henry  Wright. 
J.  C.  Dennis,  J.  Dixon,  H.  Wright. 
R  Abemethy,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  Le  Neve  Foster,  Bev.  F.  Harrison, 

Henry  Wright. 
P.  Le  Neve  Foster,  John  Bobinaon,  H. 

Wright. 
W.  M.  Fawcett,  P.  Ije  Neve  Foster. 
P.  Le  Neve  Foster,  P.  Westmaoott,  J". 

F.  Spencer. 
P.  Le  Neve  Foster,  Robert  Pitt. 
P.  Le  Neve  Foster,  Henry  Lea,  W.T. 

Marshall,  AValter  May. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  M. 

A.  Tarbottom. 
P.  Le  Neve  Foster,  John  P.  Smith, 

W.  W.  Urquhart. 
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-OFFICERS  AND  COUNCIL,  1867-68. 


TRUSTEES  (PERMANENT). 
Bir  RoDXBiOK  I.  MuBCHiaoir,  Bart,K.C.B.,  O.C.StS.,  D.C.L.,  F.B.S. 
Lieat-Qeneral  Edwabd  Sabike,  R.A.,  D.C.L.,  Pre8.R.B. 
Bir  Philip  ds  M.  G-bey  Eqebton,  Bart,  M.F.,  F.B.B. 

PRESIDENT. 
HIS  GBACE  THB  DUKE  OF  BUCCLEUCH,  E.B.,  D.C.L.,  F.B.8.,  ETC. 

VICE-PRESIDENTS. 


The  Ri^t  Hon.  The  Eabl  of  Aiblie,  K.T. 
The  Ripit  Hon.  The  Lobd  Einnaibd,  K.T. 
Sir  John  Oqilvy,  Bart,  M.P. 
Sir  RoDEBiCK  I.  MUBCHISON,  Bart,  E.C.B., 
LL.D.,  F.R.8.,  F.G.S.,  &c. 


Sir  David  Baxteb,  Bart 

James  D.  Fobbeb,  LL.D.,  F.R.8.,  Principal   of 

the   United  College  of  St  Salrator  and    St. 

Leonard,  Uniyeraity  of  St  Andi^ews. 


PRESIDENT  ELECT. 
JOSEPH  DALTON  HOOKER,  M.D.,  D.C.L.,  P.R.8..  F.L.B.,  F.O.8. 


VICE-PRESIDENTS  ELECT. 

The  Right  Hon.  The  Eabl  of  Leicebteb,  Lord- 

Lieu^nant  of  Norfolk. 
Sir  John  Petbb  Boileau,  Bart,  P.R.S. 
The  Rev.  Adam  Sedowick,  M.A.,  LL.D.,  F.R.B., 

F.G-.S.,  &C.,  W^oodwardian  Profeaaor  of  Geology  in 

the  Unirersity  of  Cambridge. 


Sir  John  Lubbock,  Bart.,  F.R.S.,  F.L.S.,  F.6.8. 

John  Couch  Adams.  Esq.,  M.A.,  D.C.L.,  F.R.S., 
F.R.A.S.,  Lowndean  ProfeMor  of  Astronomy 
and  Geometry  in  the  Univernty  of  Cambridge. 

Thomas  Bbightwell,  Esq. 


LOCAL  SECRETARIES  FOR  THE  MEETING  AT  NORWICH. 

Dr.  Dalbymple. 

Rev.  Canon  HiNDS  Howell. 

Ref.  Joseph  Cbompton,  M.A. 

LOCAL  TREASURERS  FOR  THE  MEETING  AT  NORWICH. 

S.  GuBKEY  Buxton,  Esq. 
RooEB  Kebbison,  Esq. 

ORDINARY  MEMBERS  OF  THE  COUNCIL. 


Bateman,  J.  F.,  Esq.,  F.R.S. 
Brodie,  Sir  B.,  Bart.,  F.R.S. 
Busk,  Geoboe,  Esq.,  F.R.S. 
Cbawfubd,  John,  Esq^  F.R.S. 
Dk  la  Rue,  Wabben,  Esq.,  F.R.S. 
Duff,  M.  B.  Ghant,  Esq.,  M.P. 
Galton,  Capt.  Douglas,  C.B.,  R.E.,  F.R.S. 
Gassiot,  J.  P.,  Esq.,  F.R.S. 
Godwin-Austen,  R.  A.  C,  Esq.,  F.R.S. 
Huxley,  Professor,  F.R.S. 
Jones,  Sir  Willoughby,  Bart 
MiLLEB,  Prof.W.  A.,  M:.D.,F.R,8. 
Odling,  William,  Esq.,  M.B.,  F.R.S. 


Pbice,  Professor,  M.A.,  F.R.S. 
Ramsay,  Professor,  F.R.S. 
Rawlinson,  Sir  H.,  Bart.,  M.P.,  F.B.S. 
Shabpey,  Dr.,  See.  R.S. 
Smith,  Professor  H.,  F.R.S. 
Smyth,  Wabington,  Esq.,  F.R.S. 
Sykes,  Colonel,  M.P.,  F.K.8. 
Sylvesteb,  Prof.  J.  J.,  LL.D.,  F.R.8. 
Thomson,  Dr.  T.,  P.R.S. 
TiTE,  W.,  Esq.,  M.P.,  F.R.8. 
Tyndall,  Professor,  F.R.S. 
Wheatstone,  Professor,  F.R,S. 
Williamson,  Prof.  A.  W.,  F.R.S. 


EX-OFFICIO  MEMBERS  OF  THE  COUNCIL. 

The  President  and  President  Elect,  the  Vice-Presidents  and  Vice-Presidents  Elect,  the  General  and 
Assistant  General  Secretaries,  the  General  Treasurer,  the  IVnstees,  and  the  Presidents  of  former 
years,  ^t.— 


Rev.  Professor  Sedgwick. 

The  Duke  of  Devonshire. 

Rev.W.V.  Harcourt. 

Sir  John  F.  W.  Herschel,  Bart 

Sir  R.  I.  Murchison,  Bart.,  K.C.B. 

The  Rev.  T.  R.  Robinson,  D.D. 


G.  B.  Airy,  Esq.,  the  Astronomer 

Royal. 
Lieut. -General  Sabine,  D.C.L. 
The  Earl  of  Harrowby. 
The  Duke  of  Argyll. 
The  Rev.  H.  Lloyd,  D.D. 
Richard  Owen,  M.D.,  D.C.L. 


William  Fairbaim,  Esq.,  LL.D. 
The  Rev.  Professor  Willis. 
Sir  W.  G.  Armstrong,  C.B.,  LI^I> 
Sir  Chaa.  Lyell,  Bart.,  M.A., LL  I>. 
Professor  Phillips,  M.A..  D.C.L. 
William  R.  Grove,  Esq.,  F.R.S. 


GENERAL  SECRETARIES. 
Fbancis  Galton,  Esq.,  M.A.,  F.R.S.,  F.R.G.S.,  42  Rutland  Gate,  Knightsbrid^e,  London. 
T.  Abcheb  Hibst,  Esq.,  F.R.S.,  F.R.A.S.,  Professor  of  Mathematics  in  University  Collie,  London. 

ASSISTANT  GENERAL  SECRETARY. 

Geobge  Gbiffith,  Esq.,  M.A.,  1  Woodaide,  Harrow. 

GENERAL  TREASURER. 
William  Spottiswoode,  Esq.,  M.A.,  F.R.8.,  F.R.G.S.,  50  Grosrenor  Place,  London,  S.W. 

AUDITORS. 
J.  Gwyn  Jeffreys  Esq.,  F.R.S.  P.  L.  Sdater,  Esq.,  F.R.8.  Dr.  Odling,  F  B.8. 


OFFICERS  OF  SECTIONAL  COMMITTEES.  XXXVll 

OFFICERS  OF  SECTIONAL  COMMITTEES  PRESENT  AT  THE 

DUNDEE  MEETING. 

SECTION  A. — MATHEMATICS  AND  PHYSICS. 

JVwMfart.— Professor  Sir  W.  Thomson,  D.C.L.,  F.R.S.,  &c. 
Viee-Presidenis.—ProfeaaoT  Fischer,  F.R.S. ;  J.  P.  Gassiot,  F.R.S. ;  Professor  Kel- 

Uind,F.R.S.;  J.  Clerk  MaxweU,  F.R.S.;  Rev.  C.  Pritchard,  F.RS.,  Pres.  Astr. 

Soc  ;  Professor  Tyndall,  LL.D.,  F.RS. ;  Charles  Wheatstone,  D.C.L.,  F.RS. 
Seerttarie*, — ^Rev.  G.  Buckle^  M.A. ;   Professor  G.  C.  Foster ;  Professor  Fuller, 

M.A. ;  Professor  Swan. 

SECTION  B. CHEMISTRY  AND  MINBRALOOY,  INCLUDING  THSIB  APPLICATIONS  TO 

AOBICTJLTTTRE  AND  THE  ARTS. 

Piresideni, — ^Professor  Thomas  Anderson,  M.D.,  F.R.S.E. 

J Tcr-iVwufcnfo.— I.  Lowthian  Bell ;  Dr.  J.  II.  Gilbert,  F.R.S. :  Professor  Odling, 
F.R.S. ;  Professor  Penny  j  Dr.  Maxwell  Simpson,  F.R.S. ;  Professor  William- 
son, F.R.S. 

Secretaries. — Dr.  A.  Crum  Brown;  Professor  G.  D.  Liveing,  F.C.S. ;  Dr.  W.J. 
RoaselL 

SECTION  C. OBOLOOY. 

IVwtdbrf.— Archibald  GeiHe,  F.R.S.,  F.RS.E.,  F.G.S. 

Viee-PireMdenis.— The  Earl  of  Enniskillen,  F.R.S. ;  Sir  Philip  Ejjerton,  Bart.,  M.P., 
F.RS. ;  Professor  Harkness,  F.RS. ;  Dr.  T.  Oldham,  F.R.S. ;  Professor  Ram- 
say, F.RS. 

Seeretemt.— Edward  Hull,  F.R.S.,  F.G.S.  j  W.  Pengelly,  F.R.S.  j  Henry  Wood- 
waid,  F.G.S.,  F.Z.S. 

SECTION  D. BIOLOGY. 

PrtgidefU. — ^Professor  Sharpey,  M.D.,  Sec.  R.S. 

Vice-IVeMents, — Professor  Allman,  F.RS.;  Professor  Balfour,  F.RS. ;  G.  Busk, 
F.RS. ;  Professor  Christison,  D.C.L. ;  Dr.  J.  Davy,  F.R.S. ;  J.  Gwyn  Jeffreys, 
F.RS. ;  Sir  John  Lubbock,  Bart.,  F.RS. ;  Professor  Allen  Thomson,  F.R.9. ; 
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REPORT  OF  THE  SCIENTIFIC  EDUCATIONAL  COMMITTEE.        XXXIX 

Report  of  the  Council  of  the  British  Association,  presented  to  the 
General  Committee,  Wednesday,  September  4,  1867. 

The  Annual  Keports  of  the  Treasurer,  the  Parliamentary  Committee,  and 
the  Kew  Committee  have  been  received,  and  will  be  presented  to  the  General 
Committee. 

At  the  last  Meeting  of  the  General  Committee  at  Nottingham,  the  following 
Beeolntion  was  adopted: — 

'<  That  the  Kew  Committee  be  authorized  to  discuss  and  make  the  neces- 
sary arrangements  with  the  Board  of  Trade  should  any  proposal  be  made  re- 
specting the  superintendence,  reduction,  and  publication  of  Meteorological 
Obserrations,  in  accordance  with  the  recommendations  of  the  Beport  of  the 
Committee  appointed  to  consider  certain  questions  relating  to  the  Meteorolo- 
gical Department  of  the  Board  of  Trade." 

The  arrangements  which  have  been  made  by  virtue  of  the  power  thus 
granted  to  the  Kew  Committee  are  described  in  detail  in  their  Keport,  to 
which  the  Council  beg  to  refer  the  General  Committee. 

The  General  Officers  of  the  Association  were  re,quested  by  the  Council 
to  inquire  into  the  practicability  of  having  lectures  delivered  to  the  Opera- 
tive Classes  when  the  Association  meets  in  large  towns.  The  Officers  having 
reported  in  favour  of  the  occasional  delivery  of  such  lectures,  and  having  like- 
wise ascertained  that  a  lecture  of  the  kind  was  desired  by  the  Local  Officers 
at  Dundee,  the  Council  have  requested  Professor  Tyndall  to  deliver  one  on 
Thursday  next. 

At  the  last  Meeting  of  the  Association,  the  Committee  of  Recommendations 
referred  to  the  Council  certain  Besolutions  which  had  been  adopted  by  the 
Committees  of  two  Sections,  relative  to  the  teaching  of  Natural  Science  in 
Schools.  The  Council,  fuUy  impressed  with  the  importance  of  the  subject, 
appointed  a  Special  Committee  for  the  purpose  of  incjuiring  into  the  question, 
and  of  preparing  a  report  thereon.  This  Committee  consisted  of  the  General 
Officers  of  the  Association,  the  Trustees,  the  Eev.  F.  W.  Farrar,  M.A.,  F.R.S., 
the  Rev.  T.  N.  Hutchinson,  M.A.,  Professor  Huxley,  F.R.S,,  Mr.  Payne,  Pro- 
fessor Tyndall,  F.R.S.,  and  Mr.  J.  M.  Wilson,  M.A.  The  Council,  having  con- 
sidered the  Report  presented  by  this  Committee,  adopted  the  recommenda- 
tions contained  therein,  and  resolved  that  the  Report  be  submitted  to  the 
General  Committee  at  Dundee. 

The  Council  recommend  that  Sir  Roderick  Murchison,  Bart.,  be  elected  a 
Tice-President  at  the  present  Meeting. 

At  their  Meeting  on  the  9th  of  March,  the  Council  also  decided  to  recom- 
mend for  election,  as  a  Vice-President,  the  late  Provost  Parker.  They  after- 
wards learned,  with  deep  regret,  that  death  had  deprived  the  Association  of 
the  services  of  so  esteemed  and  zealous  an  officer. 

The  name  of  M.  Janssen  has  been  added  to  the  list  of  Corresponding 
Members. 

The  Council  have  been  informed  that  the  Association  will  be  invited  to 
hold  future  Meetings  at  Norwich,  Plymouth,  Exeter,  Edinburgh,  Liverpool, 
and  Brighton. 

Report  of  the  Committee  appointed  by  the  Council  of  the  British 
Association  fur  the  Advancement  of  Science  to  consider  the  best 
means  for  promoting  Scientific  Education  in  Schools, 

1.  A  demand  for  the  introduction  of  Science  into  the  modem  system  of 
education  has  increased  so  steadily  during  the  last  few  years,  and  has  re- 
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ccived  the  approval  of  so  many  men  of  the  highest  eminence  in  every  rank 
and  profession,  and  especially  of  those  who  have  made  the  theory  and  prac- 
tice of  education  their  study,  that  it  is  impossible  to  doubt  the  existence  of 
a  general,  and  even  a  national  desire  to  facilitate  the  acquisition  of  some 
scientific  knowledge  by  boys  at  our  Public  and  other  Schools. 

2.  We  would  point  out  that  there  is  already  a  general  recognition  of 
Science  as  an  element  in  liberal  education.  It  is  encouraged,  to  a  greater  or 
less  degree,  by  the  English,  Scotch,  and  Irish  Universities ;  it  is  recognized 
as  an  optional  study  by  the  College  of  Preceptors;  it  forms  one  of  the  sub- 
jects in  the  Local  Examinations  of  Oxford  and  Cambridge ;  and  it  has  even 
been  partially  introduced  into  several  Public^Schools.  We  have  added  an 
appendix  containing  information  on  some  of  these  points*.  But  the  means 
at  present  adopted  in  our  Schools  and  Universities  for  making  this  teaching 
effective,  are,  in  our  opinion,  capable  of  great  improvement. 

3.  That  general  education  in  Schools  ought  to  include  some  training  in 
Science  is  an  opinion  that  has  been  strongly  urged  on  the  following  grounds : — 

As  providing  the  best  discipline  in  observation  and  collection  of  facts, 
in  the  combination  of  inductive  with  deductive  reasoning,  and  in  accu- 
racy both  of  thought  and  language. 

Because  it  is  found  in  practice  to  remedy  some  of  the  defects  of  the 
ordinary  school  education.  Many  boys  on  whom  the  ordinary  school  studies 
produce  very  slight  effect,  are  stimulated  and  improved  by  instruction  in 
science ;  and  it  is  found  to  be  a  most  valuable  element  in  the  education 
of  those  who  show  special  aptitude  for  literary  culture. 

Because  the  methods  and  results  of  Science  have  so  profoundly  af- 
fected all  the  philosophical  thought  of  the  age,  that  an  educated  man  is 
under  a  very  great  disadvantage  if  he  is  unacquainted  with  them. 

Because  very  great  intellectual  pleasure  is  derived  in  after  life  from 
even  a  moderate  acquaintance  with  Science. 

On  grounds  of  practical  utility  as  materially  affecting  the  present 
position  and  future  progress  of  civflization. 

This  opinion  is  fully  supported  by  the  popular  judgment.  All  who  have 
much  to  do  with  the  parents  of  boys  in  the  upper  classes  of  life  are  aware 
that,  as  a  rule,  they  value  education  in  Science  on  some  or  all  of  the  grounds 
above  stated. 

4.  There  are  difficulties  in  the  way  of  introducing  Science  into  schools ; 
and  we  shall  make  some  remarks  on  them.  They  will  be  found,  we  beheve, 
to  be  by  no  means  insuperable.  ' 

First  among  these  difficulties  is  the  necessary  increase  of  expense.  For 
if  science  is  to  be  taught,  at  least  one  additional  master  must  be  appointed ; 
and  it  will  be  necessary  in  some  cases  to  provide  him  with  additional  school- 
rooms, and  a  fund  for  the  purchase  of  apparatus.  It  is  obvious  that  the 
money  which  will  be  requisite  for  both  the  initial  and  current  expenses,  must 
in  general  be  obtained  by  increasing  the  school  fees.  This  difficulty  is  a  real 
but  not  a  fatal  one.  In  a  wealthy  country  like  England,  a  slight  increase  in 
the  cost  of  education  will  not  be  allowed  (in  cases  where  it  is  unavoidable) 
to  stand  in  the  way  of  what  is  generally  looked  on  as  an  important  educa- 
tional reform ;  and  parents  will  not  be  unwilling  to  pay  a  small  additional 
fee  if  they  are  satisfied  that  the  instruction  in  Science  is  to  be  made  a  reality. 

Another  ground  of  hesitation  is,  the  fear  that  the  teaching  of  Science 
will  injure  the  teaching  in  classics.      But  we   do  not  think  that  there 

*  Sm  Appendix  A. 
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need  be  the  slightest  apprehension  that  any  one  of  the  valuable  resnlts 
of  a  classical  education  wiU  be  diminished  by  the  introduction  of  Science* 
It  is    a    very  general  opinion ,    in   which   schoolmasters  heartily  concur, 
that  much   more   knowledge   and  intellectual  vigour  might  be   obtained 
by  most  boys,    during  the  many  years  they  spend  at  school,   than  what 
they  do   as    a  matter  of  fact  obtain.      It  should,  we  think,  be  frankly 
acknowledged,  and  indeed  few  are  found  who  deny  it,  that  an  exclusively 
classical  education,  however  well  it  may  operate  in  the  case  of  the  very 
few  who   distinguish   themselves  in  its   curriculum,   fails  deplorably  for 
the  majority  of  minds.      As   a  general  rule  the  small  proportion  of  boys 
who  leave  our  schools  for  the  Universities  consists  undeniably  of  those  who 
ha?e  advanced  furthest  in  classical  studies,  and  judging  the  existing  system 
of  education  by  these  boys  alone,  we  have   to  confess  that  it  frequently 
ends  in  astonishing  ignorance.     This  ignorance,  often  previously  acknow- 
ledged and  deplored,  has  been  dwelt  on  with  much  emphasis,  and  brought 
into  great  prominence  by  the   recent  Royal  Comnussion  for  Inquiry  into 
onr  Public   Schools.     We  need  not   fear  that  we  shall  do  great  damage 
by  endeavouring  to  improve  a  system  which  has  not  been  found  to  yield 
satisfactory  results.     And  we  believe,  further,  that  the  philological  abilities 
of  the  very  few  who  succeed  in  attaining  to  a  satisfactory  knowledge  of 
classics  win  be  rather  stimulated  than  impeded  by  a  more  expansive  training. 
Lastly,  it  may  be  objected  that  an  undue  strain  will  be  put  upon  the 
minds  of  boys  by  the  introduction  of  the  proposed  subjects.    We  would  reply 
that  the  same  objections  were  made,  and  in  some  schools  are  still  made,  to 
the  introduction  of  Mathematics  and  Modern  Languages,  and  are  found  by 
general  experience  to  have  been  untenable.     A  change  of  studies,  invol- 
ving the  play  of  a  new  set  of  faculties,  often  produces  a  sense  of  positive 
rehef ;   and  at  a  time  when  it  is  thought  necessary  to  devote  to  games  so 
large  a  proportion  of  a  boy's  available  time,  the  danger  of  a  general  over- 
pressure to  the  intellectual  powers  is  very  small,  while  any  such  danger  in 
individual  cases  can  always  be  obviated  by  special  remissions.     We  do  not 
wish  to  advocate  any  addition  to  the  hours  of  work  in  schools  where  it  is  be- 
heved  that  they  are  already  as  numerous  as  is  desirable  ;  but  in  such  schools 
some  hours  a  week  could  still  be  given  up  to  science,  by  a  curtailment  of 
the  vastly  preponderant  time  at  present  devoted  to  classical  studies,  and 
(specially  to  Greek  and  Latin  Composition. 

o.  To  the  selection  of  the  subjects  that  ought  to  be  included  in  a  pro- 
gramme of  scientific  instruction  in  public  schools  we  have  given  our  best 
attention,  and  we  would  make  the  following  remarks  on  the  principles  by 
which  we  have  been  guided  in  the  selection  that  we  shall  propose. 

There  is  an  important  distinction  between  scientific  information  and  scien- 
tific training ;  in  other  words,  between  general  literary  acquaintance  with 
scientific  facts,  and  the  knowledge  of  methods  that  may  be  gained  by 
studying  the  facts  at  first  hand  under  the  guidance  of  a  competent  teacher. 
Both  of  these  are  valuable ;  it  is  very  desirable,  for  example,  that  boys  should 
have  some  general  information  about  the  ordinary  phenomena  of  nature,  such* 
as  the  simple  facts  of  Astronomy,  of  Geology,  of  Physical  Geography,  and  of 
elementary  Physiology.  On  the  other  hand,  the  scientific  habit  of  mind, 
which  is  the  principal  benefit  resulting  from  scientific  training,  and  which  is 
of  incalculable  value  whatever  be  the  pursuits  of  after  life,  can  better  be  at- 
tained by  a  thorough  knowledge  of  the  facts  and  principles  of  one  science,  than 
by  a  general  acquaintance  with  what  has  been  said  or  written  about  many. 
Both  of  these  should  co-exist,  we  think,  at  any  school  which  professes  to 
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offer  the  highest  liberal  education ;  and  at  every  school  it  will  be  easy  to 
provide  at  least  for  giving  some  scientific  information. 

I.  The  subjects  that  we  recommend  for  scientific  information  as  distingULshed 
from  training,  should  comprehend  a  general  description  of  the  solar  system  ; 
of  the  form  and  physical  geography  of  the  earth,  and  of  such  natural  phe- 
nomena as  tides,  currents,  winds,  and  the  causes  that  infiuence  climate ;  of  the 
broad  facts  of  Geology ;  of  elementary  Natural  History,  with  especial  reference 
to  the  useful  plants  and  animals ;  and  of  the  rudiments  of  Physiology.  This 
is  a  kind  of  information  which  requires  less  preparation  on  the  part  of  the 
teacher ;  and  its  effectiveness  will  depend  on  his  knowledge,  clearness,  method, 
and  sympathy  with  his  pupils.  Nothing  will  be  gained  by  circumscribing 
these  subjects  by  any  genersd  syllabus;  they  may  safely  be  left  to  the  dis- 
cretion of  the  masters  who  teach  them. 

II.  And  for  scientific  training  we  are  decidedly  of  opinion  that  the 
subjects  which  have  paramount  claims,  are  Experimental  Physics,  Elementary 
Chemistry,  and  Botany. 

i.  The  science  of  Experimental  Physics  deals  with  subjects  which  come  within 
the  range  of  every  boy's  experience.  It  embraces  the  phenomena  and  laws  of 
light,  heat,  sound,  electricity,  and  magnetism ;  the  elements  of  mechanics,  and 
the  mechanical  properties  of  liquids  and  gases.  The  thorough  knowledge  of 
these  subjects  includes  the  practical  mastery  of  the  apparatus  employed  in  their 
investigation.  The  study  of  experimental  physics  involves  the  observation  and 
colligation  of  facts,  and  the  discovery  and  application  of  principles.  It  is 
both  inductive  and  deductive.  It  exercises  the  attention  and  the  memory, 
but  makes  both  of  them  subservient  to  an  intellectual  discipline  higher  than 
either.  The  teacher  can  so  present  his  facts  as  to  make  them  sug- 
gest the  principles  which  underlie  them,  while,  once  in  possession  of  the 
principle,  the  learner  may  be  stimulated  to  deduce  from  it  results  which  lie 
beyond  the  bounds  of  his  expeiience.  The  subsequent  verification  of  his 
deduction  by  experiment  never  fails  to  excite  his  interest  and  awaken  his 
delight.  The  effects  obtained  in  the  class-room  will  be  made  the  key  to  the 
explanation  of  natural  phenomena, — of  thunder  and  lightning,  of  rain  and 
snow,  of  dew  and  hoar-frost,  of  winds  and  waves,  of  atmospheric  refraction 
and  reflexion,  of  the  rainbow  and  the  mirage,  of  meteorites,  of  terrestrial 
magnetism,  of  the  pressure  and  buoyancy  of  water  and  of  air.  Thus  the 
knowledge  acquired  by  the  study  of  experimental  physics  is,  of  itself,  of  the 
highest  value,  while  the  acquisition  of  that  knowledge  brings  into  healthful 
and  vigorous  play  every  faculty  of  the  learner's  mind.  Not  only  are  natural 
phenomena  made  the  objects  of  intelligent  observation,  but  they  furnish 
material  for  thought  to  wrestle  with  and  to  overcome ;  the  growth  of  intel- 
lectual strength  being  the  sure  concomitant  of  the  enjoyment  of  intellectual 
victory.  We  do  not  entertain  a  doubt  that  the  competent  teacher  who  loves 
his  subject  and  can  sympathize  with  his  pupils,  will  find  in  experimental 
physics  a  store  of  knowledge  of  the  most  fascinating  kind,  and  an  instrument 
of  mental  training  of  exceeding  power. 

ii.  Chemistry  is  remarkable  for  the  comprehensive  character  of  the  training 
which  it  affords.  Not  only  does  it  exercise  the  memory  and  the  reasoning 
powers,  but  it  also  teaches  the  student  to  gather  by  his  own  experiments 
and  observations  the  facts  upon  which  to  reason. 

It  affords  a  corrective  of  each  of  the  two  extremes  against  which  real 
educators  of  youth  are  constantly  struggling.  Eor  on  the  one  hand  it  leads 
even  sluggish  or  uncultivated  minds  from  simple  and  interesting  observa- 
tions to  general  ideas  and  conclusions,  and  gives  them  a  taste  of  intellectual 
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oijoyment  and  a  desire  for  learning.  On  the  other  hand,  it  checks  over- 
conMenoe  in  mere  reasoning,  and  shows  the  way  in  which  valid  extensions 
of  our  ideas  grow  out  of  a  series  of  more  and  more  rational  and  accurate  oh- 
servationa  of  external  nature. 

It  must  not,  however,  be  supposed  that  all  so-called  teaching  of  chemistry 
produces  results  of  this  kind.  Young  men  do  occasionally  come  up  to  public 
examinations  with  a  literary  acquaintance  with  special  facts  and  even  prin- 
dpLes  of  chemistry,  sufficient  to  enable  them  to  describe  those  facts  from 
eome  one  point  of  view,  and  to  enunciate  the  principles  in  fluent  language, 
and  yet  who  know  nothing  of  the  real  meaning  of  the  phrases  which  they 
have  learnt.  Such  mere  literary  acquaintance  with  scientific  facts  is  in 
chemistry  an  incalculable  evil  to  the  student  if  he  be  allowed  to  mistake  it 
for  science. 

Whether  the  student  is  to  learn  much  or  little  of  chemistry  his  very  first 
l^sons  must  be  samples  of  the  science.  He  must  see  the  chief  phenomena 
which  are  described  to  him ;  so  that  the  words  of  each  description  may  after- 
wards call  up  in  his  mind  an  image  of  the  thing.  He  must  make  simple  ex- 
periments, and  learn  to  describe  accurately  what  he  has  done,  and  what  he 
has  observed.  He  must  learn  to  use  the  knowledge  which  he  has  acquired 
before  proceeding  to  the  acquisition  of  more ;  and  he  must  rise  gradually 
from  well-examined  facts  to  general  laws  and  theories. 

Among  the  commonest  non-metallic  elements  and  their  simplest  compounds 
the  teacher  in  a  school  wHL  find  abundant  scope  for  his  chief  exertions. 

iii.  fiotany  has  also  strong  claims  to  be  regarded  as  a  subject  for  scientific 
training.  It  has  been  introduced  into  the  regular  school  course  at  Kugby 
(where  it  is  the  first  branch  of  Natural  Science  which  is  studied) ; 
and  the  voluntary  pursuit  of  it  is  encouraged  at  Harrow  and  at  some  other 
schools  vrith  satisfactory  results.  It  only  requires  observation,  attention,  and 
the  acquisition  of  some  new  words ;  but  it  also  evolves  the  powers  of  comparison 
and  colligation  of  facts  in  a  remarkable  degree ;  of  all  sciences  it  seems  to  offer 
the  greatest  facilities  for  observation  in  the  fields  and  gardens ;  and  to  this 
must  be  added  the  fact  that  boys,  from  their  familiarity  with  fruits,  trees, 
and  flowers,  start  with  a  considerable  general  knowledge  of  botanical 
facts.  It  admits  therefore  preeminently  of  being  taught  in  the  true 
scientific  method.  The  teaching  of  Science  is  made  really  valuable  by  train- 
ing the  learner's  mind  to  examine  into  his  present  knowledge,  to  arrange  and 
criticise  it,  and  to  look  for  additional  information.  The  science  must  be 
b^un  where  it  touches  his  past  experience,  and  this  experience  must  be 
converted  into  scientific  knowledge.  The  discretion  of  the  teacher  will 
best  determine  the  range  of  Botany  at  which  it  is  desirable  to  aim. 

6.  The  modes  of  giving  instruction  in  the  subjects  which  we  have  re- 
commended are  reducible  to  two.  I.  A  compulsory  system  of  instruction 
may  be  adopted,  similar  to  that  which  exists  at  Kugby,  where  science  has 
now  for  nearly  three  years  been  introduced  on  precisely  the  same  footing  as 
Mathematics  and  Modem  Languages,  and  is  necessarily  taught  to  all  boys. 
II.  A  voluntary  system  may  be  encouraged  as  hns  been  done  for  many  years 
at  Harrow,  where  scientific  instruction  on  such  subjects  as  have  been  enume- 
rated above  is  now  given  in  a  systematic  series  of  lectures,  on  which  the 
attendance  of  all  boys  who  are  interested  in  them  is  entirely  optional. 

Of  these  systems  it  is  impossible  not  to  feel  that  the  compulsory  system  is 
the  most  complete  and  satisfactory.  The  experience  of  different  schools 
▼ill  indicate  how  it  may  best  be  adopted,  and  what  modifications  of  it  may  be 
made  to  suit  the  different  school  arrangements.  It  will  often  be  very  desirable  to 
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BUpplement  it  by  the  voluntary  system,  to  enable  the  boys  of  higher  scientihv 
ability  to  study  those  parts  of  the  course  of  Experimental  Physics  which 
will  rarely,  if  ever,  be  included  in  the  compulsory  school  system.  Lectures 
may  also  be  occasionally  given  by  some  non-resident  lecturer  with  a  view  of 
stimulating  the  attention  and  interest  of  the  boys.  We  add  appendices  con- 
taining details  of  these  two  systems  as  worked  at  Hugby  and  Harrow  *,  and 
we  believe  that  a  combination  of  the  two  would  leave  little  or  nothing  to  be 
desired. 

The  thorough  teaching  of  the  Physical  Sciences  at  schools  will  not,  how- 
ever, be  possible,  unless  there  is  a  general  improvement  in  the  knowledge  of 
Arithmetic.  At  present  many  boys  of  thirteen  and  fourteen  are  sent  to  the 
Public  Schools  almost  totally  ignorant  of  the  elements  of  Arithmetic,  and  in 
such  cases  they  gain  only  the  most  limited  and  meagre  knowledge  of 
it ;  and  the  great  majority  enter  ill- taught.  It  is  a  serious  and  lasting 
injury  to  boys  so  to  neglect  Arithmetic  in  their  early  education ;  it  arises 
partly  from  the  desire  of  the  masters  of  preparatoiy  schools  to  send  up 
their  boys  fitted  to  take  a  good  place  in  the  classical  school,  and  from  the 
indifference  of  the  public  schools  themselves  to  the  evil  that  has  resulted. 

7.  With  a  view  to  the  furtherance  of  this  scheme,  we  make  the  following 
suggestions : — 

i.  That  in  all  schools  Natural  Science  be  one  of  the  subjects  to  be 
taught,  and  that  in  every  Public  School  at  least  one  Natural  Science 
master  be  appointed  for  the  purpose. 

ii.  That  at  least  three  hours  a  week  be  devoted  to  such  scientific  instruc- 
tion. 

iii.  That  Natural  Science  should  be  placed  on  an  equal  footing  with 
Mathematics  and  Modem  Languages  in  affecting  promotions,  and  in 
winning  honours  and  prizes. 

iv.  That  some  knowledge  of  Arithmetic  should  be  required  for  admissioa 
into  all  Public  Schools. 

V.  That  the  Universities  and  Colleges  be  invited  to  assist  in  the  intro- 
duction of  scientific  education,  by  making  Natural  Science  a  subject  of  exa- 
mination, either  at  Matriculfition,  or  at  an  early  period  of  a  University 
career. 

vi.  That  the  importance  of  appointing  Lecturers  in  Science,  and  gfiering 
Entrance  Scholarships,  Exhibitions,  and  Fellowships  for  the  encourage- 
ment of  scientific  attainments  be  represented  to  the  authorities  of  the 
Colleges. 

With  reference  to  the  last  two  recommendations,  we  would  observe  that, 
without  the  cooperation  of  the  Universities,  Science  can  never  be  effectively 
introduced  into  School  education.  Although  not  more  than  35  per  cent.,  even 
of  the  boys  at  our  great  Public  Schools,  proceed  to  the  University,  and 
at  the  majority  of  schools  a  still  smaller  proportion,  yet  the  curriculum  of 
a  public  school  course  is  almost  exclusively  prepared  with  reference  to  the 
requirements  of  the  Universities  and  the  rewards  for  proficiency  that  they 
offer.  No  more  decisive  proof  could  be  furnished  of  the  fact  that  the  Univer- 
sities and  Colleges  have  it  in  their  power  to  alter  and  improve  the  whole 
higher  education  of  England. 

*  S^  Appendices  B  and  C. 
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APPENDIX  A. 

I.    OXPOBD. 

The  Natural  Science  School  at  Oxford  was  established  in  the  year  1853.  By 
recent  changes  the  University  allows  those  who  have  gained  a  first,  second, 
or  third  class  in  this  school  to  graduate  without  passing  the  classical  school, 
provided  they  have  obtained  honours,  or  have  passed  in  three  books  at  least,  at 
the  second  classical  examination,  viz.,  moderations  (which  is  usually  passed 
in  the  second  year  of  residence) ;  honours  in  this  school  are  thus  placed 
on  an  equality  with  classical  honours.  The  first  classical  examination,  <  re- 
sponsions,'  is  generally  passed  in  the  first  term  of  residence.  Arithmetic  and 
two  books  of  Euclid,  or  algebra  up  to  simple  equations,  are  a  necessary 
part  of  this  examination. 

The  University  oflfers  ample  opportunities  for  the  study  of  physics,  che- 
mistry, physiology,  and  other  branches  of  natural  science.  At  present  only  a 
few  of  the  Colleges  have  lecturers  on  this  subject ;  while  for  classics  and  mathe- 
matics every  College  professes  to  have  an  adequate  staff  of  teachers.  At  Christ 
Church,  however,  a  very  complete  chemical  laboratory  has  been  lately  opened. 
A  junior  studentship  at  Christ  Church  and  a  demyship  at  Magdalen  College^ 
tenable  for  five  years,  are,  by  the  statutes  of  those  Colleges,  awarded  annually 
for  proficiency  in  natural  science.  A  scholarship,  tenable  for  three  years, 
lately  founded  by  Miss  Brackenbury  at  BaUiol  College  for  the  promotion 
of  the  study  of  Natural  Science,  will  be  given  away  every  two  years.  With 
the  exception  of  Merton  College,  where  a  scholarship  is  to  be  shortly  given 
for  proficiency  in  natural  science,  no  College  has  hitherto  assigned  any 
scholarships  to  natural  science.  The  number  of  scholarships  at  the  Colleges 
is  stated  to  be  about  400,  varying  in  annual  value  from  ^100  to  ^60. 
With  these  should  be  reckoned  College  exhibitions*,  to  the  number  of  at  least 
220,  which  range  in  annual  value  from  .£145  to  .£20,  and  exhibitions  awarded 
at  school,  many  of  which  are  of  considerable  value. 

The  two  Burdett-Coutts  geological  scholarships,  tenable  for  two  years,  and 
of  the  annual  value  of  £75,  are  open  to  all  members  of  the  University  who 
have  passed  the  examination  for  the  B.A  degree,  and  have  not  exceeded 
the  27th  term  from  their  matriculation.  Every  year  a  fellowship  of  .£200  a 
year,  tenable  for  three  years  (half  of  which  time  must  be  spent  on  the  Con- 
tinent) on  Dr.  Badcliffe's  foundation,  is  at  present  competed  for  by  candidates 
who,  having  taken  a  first  class  in  the  school  of  natural  science,  propose  to 
enter  the  medical  profession. 

At  Christ  Church  two  of  the  senior  studentships  (fellowships)  are  awarded 
for  proficiency  in  natural  science :  at  the  examination  for  one  of  these,  che* 
mistry  is  the  principal  subject,  and  for  the  other  physiology. 

At  Magdalen  College  it  is  provided  that,  for  twenty  years  from  the  year 
1857,  every  fifth  fellowship  is  assigned  to  mathematics  and  physical  science 
alternately.  In  the  statutes  of  this  and  of  every  College  in  Oxford  (except 
Corpus,  Exeter,  and  lincolnt)  the  following  clause  occurs : — "  The  system  of 

*  At  MBgdalen  College  there  will  be  twentj  exhibitions  tenable  for  five  years,  and  of 
the  Talue  of  £75  a  year,  to  be  held  by  persons  in  need  of  support  at  the  Uniyersity ;  in  the 
election  to  these,  "  the  subjects  of  examination,  for  one  exhibition  at  least  in  each  year,  shall 
he  mathematics  and  physical  science  alternately." 

t  These  CoUc^gin  exercised  the  powers  of  mi&dng  statutes  granted  to  them  by  the  Oxford 
rniTersity  Act  of  1854,  17  and  18  Vic.  cap.  81.  In  the  statutes  of  Exeter  Colleffe  it  is 
prorided  that,  in  the  election  of  Fellows,  "  preference  shall  be  given  to  those  candidates  in 
whom  shall  be  found  the  highest  moral  and  intellectual  qualifications,  such  intellectual 
qualifications  having  been  tested  by  an  examination  in  such  subjects  as  the  College  from  time 
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examinations  shall  always  be  such  as  shall  render  fellowships  accessible,  from 
time  to  time,  to  excellence  in  every  branch  of  knowledge  for  the  time  being 
recognized  in  the  schools  of  the  University."  This  clause,  so  far  as  it  relates 
to  the  study  of  natural  science,  has  been  acted  on  only  by  Queen's  College 
and  at  Merton  College,  where  a  natural-science  fellowship  will  be  filled  up 
during  the  course  of  the  present  year. 

At  Pembroke  College  one  of  the  two  Sheppard  fellows  must  proceed  to  the 
degree  of  Bachelor  and  Doctor  of  Medicine  in  the  University.  At  the  late 
election  to  this  fellowship  natural  science  was  the  principal  subject  in  the 
examination.  The  number  of  College  fellowships  in  Oxford  is  at  present 
about  400. 

n.  Cahbbibge. 

It  is  important  to  distinguish  between  the  University  and  the  Colleges  at 
Cambridge  as  at  Oxford. 

There  is  a  natural-science  tripos  in  which  the  University  examines  in  the 
whole  range  of  natural  sciences,  and  grants  honours  precisely  in  the  same 
manner  as  in  classics  or  mathematics. 

The  University  abo  recognizes  the  natural  sciences  as  an  alternative  sub- 
ject for  the  ordinary  degree.  As  the  regulations  on  this  point  are  compara- 
tively recent,  it  will  be  well  to  state  them  here. 

A  student  who  intends  to  take  an  ordinary  degree  without  taking  honours 
has  to  pass  three  examinations  during  his  course  of  three  years, — the  first, 
or  previous  examination,  after  a  year's  residence,  in  Paley,  Latin,  Greek, 
Euchd,  and  arithmetic,  and  one  of  the  Gospels  in  Greek ;  the  second,  or  gene- 
ral examination,  towards  the  end  of  his  sepond  year,  in  the  Acts  of  the 
Apostles  in  Greek,  Latin,  Greek,  Latin  prose  composition,  algebra,  and  ele- 
mentary mechanics ;  and  the  third,  or  special  examination,  at  the  end  of  his 
third  year,  in  one  of  the  following  five  subjects: — 1.  Theology;  2.  Moral 
Science  ;  3.  Law  ;  4.  Natural  Science ;  5.  Mechanism  and  applied  science. 

In  the  natural-science  examination  a  choice  is  given  of  chemistry,  geology, 
botany,  and  zoology. 

There  are  only  five  Colleges  in  Cambridge  that  take  any  notice  of  Natural 
Science ;  namely.  King's,  Cains,  Sidney  Sussex,  St.  John's,  and  Downing.  At 
King's  two  exhibitions  have  been  given  away  partly  for  proficiency  in  this 
subject ;  but  there  are  no  lectures,  and  it  is  doubtful  whether  similar  exhi- 
bitions will  be  given  in  future.  At  Cains,  there  is  a  medical  lecturer  and 
one  scholarship  given  away  annually  for  Anatomy  and  Physiology.  At 
Sidney  Sussex  two  scholarships  annually  are  given  away  for  mathematics 
and  natural  science ;  and  a  prize  of  £20  for  scientific  knowledge.  There  is 
also  a  laboratory  for  the  use  of  students.  At  St.  John's  there  is  a  chemical 
lecturer  and  laboratory ;  and  though  at  this  College  there  is  no  sort  of  exami- 
nation in  natural  science  either  for  scholarships  or  fellowships,  it  is  believed 
distinction  in  the  subject  may  be  taken  into  account  in  both  elections. 
Downing  was  founded  with  *'  especial  reference  to  the  studies  of  Law  and 
Medicine  ;"  there  is  a  lecturer  here  in  medicine  and  natural  science,  and  in 
the  scholarship  examinations  one  paper  in  these  subjects  ;  no  scholarship  is 
appropriated  to  them,  but  they  are  allowed  equal  weight  with  other  subjects 

to  time  shall  determine."  In  the  statutes  of  Lincoln  College  the  following  clause  occurs : — 
"  Pateat  autem  societas  non  iis  tantum,  qui  in  Uteris  Gnecis  et  Latinis  se  profecisse  pro> 
barerint,  sed  etiam  aliarum  bonarum  artium  peritis  jurenibus."  And  in  the  statutes  of 
Corpus  Christi  Collece,  "  Quicunque  se  candidatos  offerant  examinentur  in  bonis  Uteris  et 
aeientiis,  sicut  Praesidenti  et  sociis  yidebitur.'' 
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in  the  choice  of  candidates.  It  is  believed  that  the  same  principle  will 
gorera  the  election  to  fellowships  in  this  College,  though  no  fellowship  has 
yet  been  given  for  honours  in  natural  science.  We  believe  that,  owing  to  the 
new  University  regulations  (mentioned  above),  the  authorities  of  Trinity 
College  have  determined  to  appoint  a  lecturer  in  natural  science  ;  the  matter 
is  ander  deliberation  in  other  Colleges,  and  it  is  not  improbable  that  the 
same  considerations  will  induce  them  to  follow  this  example. 

It  must  always  be  remembered  that  the  practice  is  rare  in  Cambridge  of 
appropriating  fellowships  and  scholarships  to  special  subjects.  At  present 
pubhc  opinion  in  the  University  does  not  reckon  scientific  distinction  as  on  a 
par  with  mathematical  or  classical ;  hence  the  progress  of  the  subject  seems 
enclosed  in  this  inevitable  circle — the  ablest  men  do  not  study  natural 
science  because  no  rewards  are  given  for  it,  and  no  rewards  are  given  for  it 
because  the  ablest  men  do  not  study  it.  But  it  may  be  hoped  that  the  dis- 
interested zeal  of  teachers  and  learners  will  rapidly  break  through  this 
cirde;  in  that  case  the  subject  may  be  placed  on  a  satisfactory  footing 
without  any  express  legislative  provision. 

in.  The  Universitt  of  Lovdov, 

At  the  University  of  London  the  claims  of  science  to  form  a  part  of  every 
liberal  education  have  long  been  recognized.  At  the  Matriculation  Exami- 
nation the  student  is  required  to  show  that  he  possesses  at  least  a  popular 
knowledge  of  the  following  subjects  : — 

a.  In  Mechanics :  the  composition  and  resolution  of  forces ;  the  mechanical 
powers ;  a  definition  of  the  centre  of  gravity ;  and  the  general  laws  of 
motion. 

b.  In  Hydrostatics,  Hydraulics,  and  Pneumatics :  the  pressure  of  liquids 
and  gases ;  specific  gravity ;  and  the  principles  of  the  action  of  the 
barometer,  the  siphon,  the  common  pump  and  forcing-pump,  and  the 
air-pump. 

c.  In  Acoustics :  the  nature  of  sound. 

d.  In  Optics :  the  laws  of  refraction  and  reflection,  and  the  formation  of 
images  by  simple  lenses. 

e.  In  Chemistry :  the  phenomena  and  laws  of  heat ;  the  chemistry  of  the 
non-metallic  elements ;  general  nature  of  acids,  bases,  &c. ;  constitution 
of  the  atmosphere  ;  composition  of  water,  &c. 

At  the  examination  for  the  degree  of  B.A.  a  more  extensive  knowledge  of 
these  subjects  is  required,  and  the  candidate  is  further  examined  in  the  fol- 
lowing branches  of  science : — 
/.  Astronomy :  principal  phenomena  depending  on  the  motion  of  the  earth 
round  the  sun,  and  on  its  rotation  about  its  own  axis  ;  general  description 
of  the  solar  system,  and  explanation  of  lunar  and  solar  eclipses. 
g.  Animal  Physiology  :  the  properties  of  the  elementary  animal  textures ; 
the  principles  of  animal  mechanics ;  the  processes  of  digestion,  absorption, 
assimilation ;  the  general  plan  of  circulation  in  the  great  divisions  of 
the  animal  kingdom  ;  the  mechanism  of  respiration ;  the  structure  and 
actions  of  the  nervous  system ;  and  the  organs  of  sense. 
Besides  the  degree  examination  there  is  also  an  examination  for  honours 
in  mathematics  and  natural  philosophy,  in  which,  of  course,  a  much  wider 
range  of  scientific  knowledge  is  required. 

We  would  venture  to  remark  that,  if  a  similar  elementary  acquaintance 
with  the  general  principles  of  sciences  were  required  for  matriculation  at 
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Oxford  and  Cambridge,  it  is  certain  that  they  would  at  once  become  a  subject 
of  regular  teaching  in  all  our  great  public  Bchools. 

There  are  also  two  specially  scientific  degrees,  a  Bachelor  of  Science  and 
a  Doctor  of  Science.  For  the  B.Sc.  there  are  two  examinations  of  a  general 
but  highly  scientific  character.  The  degree  of  D.Sc.  can  only  be  obtained 
after  the  expiration  of  two  years  subsequent  to  taking  the  degree  of  B.Sc. 
The  candidate  is  allowed  to  select  one  principal  subject^  and  to  prove  his 
thorough  practical  knowledge  thereof^  as  well  as  a  general  acquaintance 
with  other  subsidiary  subjects. 

lY.  The  College  of  Pbeceptors. 

In  the  diploma  examinations  at  the  College  of  Preceptors,  one  branch  of 
science,  viz.  either  chemistry,  natural  history,  or  physiology,  is  required  as 
a  necessary  subject  for  the  diploma  of  Fellow.  In  the  examinations  for  the 
lower  diploma  of  Associate  or  Licenciate  some  branch  of  science  may  be 
taken  up  by  candidates  at  their  own  option.  The  Council  recently  decided 
to  offer  a  prize  of  three  guineas  half-yearly  for  the  candidate  who  showed 
most  proficiency  in  science,  and  who  at  the  same  time  obtained  a  second 
class  in  the  other  subjects. 

In  the  examinations  of  pupils  of  schools,  natural  philosophy,  chemistry, 
and  natural  history  are  optional  subjects  only,  and  are  not  reqxdred  for  a 
certificate  for  the  three  classes.  Two  prizes  are  given  to  those  candidates  who 
obtain  the  highest  number  of  marks  in  these  subjects  at  the  half-yearly 
examinations ;  and  it  is  an  interesting  fact  that  last  year,  out  of  a  total  of 
651  candidates,  100  brought  up  natural  history,  and  36  brought  up  che- 
mistry as  subjects  for  examination.  Two  additional  pri2es  were  conse- 
quently awarded. 

V.  The  Fbench  Schools. 

In  France  the  "  Lycees  "  correspond  most  nearly  to  our  Public  Schools,  and 
for  many  years  science  has  formed  a  distinct  part  of  their  regular  curriculum. 
A  strong  im])ulse  to  the  introduction  of  scientific  teaching  into  French  schools 
was  given  by  Napoleon  I.,  and  since  that  time  we  believe  that  no  French 
school  has  wholly  neglected  this  branch  of  education.  The  amount  of  time 
given  to  these  subjects  appears  to  average  two  hours  in  every  week. 

The  primary  education  is  that  which  is  given  to  all  alike,  whatever  may  be 
their  future  destination  in  life,  up  to  the  age  of  eleven  or  twelve  years. 
After  this  period  there  is  a  ''  bifurcation  '*  in  the  studies  of  boys.  Those 
who  are  intended  for  business  or  for  practical  professions  lay  aside  Greek  and 
Latin,  and  enter  on  a  course  of  ''  special  secondary  instruction."  In  this 
course  mechanics,  cosmography,  physics,  chemistry,  zoology,  botany,  and 
geology  occupy  a  large  space ;  and  the  authorized  official  programmes  of  these 
studies  are  very  full,  and  are  drawn  up  with  the  greatest  care.  The  remarks 
and  arguments  of  the  Minister  of  Public  Instruction  (Mons.  Duruy)  and 
others,  in  the  '^  Programmes  officiels  &c.  de  Tenseignement  secondaire 
sp^ial,"  are  extremely  valuable  and  suggestive;  and  we  recommend  the  sylla- 
buses of  the  various  subjects,  which  have  received  the  sanction  of  the  French 
Government,  as  likely  to  afibrd  material  assistance  to  English  teachers  in 
determining  the  range  and  limits  of  those  scientific  studies  at  which,  in  any 
special  system  of  instruction,  they  may  practically  aim.  The  '<  Enseigne- 
ment  secondaire  special"  might  very  safely  be  taken  as  a  model  of  what 
it  is  desirable  to  teach  in  the  ''  modem  departments  "  which  are  now  attached 
to  some  of  our  great  schools. 
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The  boys  who  are  destined  to  enter  the  learned  professions  continue  a 
classical tsomsey  in  which,  however,  much  less  time  is  devoted  to  classical  com- 
position than  is  the  case  in  onr  Public  Schools.  Nor  is  science  by  any  means 
neglected  in  tiiis  oonrsey  which  is  intended  to  cover  a  period  of  three  years. 
Besides  the  '^elementaiy  division"  there  are  five  great  classes  in  these 
sehools,  viz.,  a  grammar  division,  an  upper  division,  a  philosophy  class,  and 
dasses  for  diementary  and  special  mathematics. 

In  the  gianunar  division  there  is  systematic  instruction  on  the  physical 
geography  of  the  globe. 

Id.  ^le  second  class  of  the  upper  division  the  boys  begpbi  to  be  taught  the 
elements  of  zoology,  botany,  and  geology  in  accordance  with  the  ministerial 
programmes ;  and  in  the  rhetoric  class  descriptive  cosmography  (which  seems 
to  be  nearly  coextensive  with  the  German  Erdhmde)  forms  the  subject  of  a 
certain  number  of  weekly  lessons. 

In  the  class  of  philosophy,  the  young  students  are  initiated  into  the  ele- 
meiitary  notions  of  physics  (including  weight,  heat,  electricity  and  magnetism, 
acoustics,  and  optics)  and  of  chemistry,  in  which,  at  this  stage,  the  teaching 
is  confined  to  '^  general  conceptions  on  air,  water,  oxidation,  combustion,  the 
conditions  and  efiiscts  of  chemical  action,  and  on  the  forces  which  result 
from  it/' 

In  the  classes  of  elementary  and  special  mathematics  this  course  of  scientific 
traioing  is  very  considerably  extended ;  and  if  the  authorized  programmes  con- 
Btitate  any  real  measure  of  the  teaching,  it  is  clear  that  no  boy  could  pass 
Ihrongh  these  classes  without  a  far  more  considerable  amount  of  knowledge 
in  the  most  important  branches  of  science  than  is  at  present  attainable  in  any 
English  Public  School. 

YI.  The  Oebhait  Schools. 

In  Germany  the  schools  which  are  analogous  to  Public  Schoob  in  England 
are  the  Qymnasiat  where  boys  are  prepared  for  the  Universities^  and  the 
BurgersckuUn  or  Bealschtden,  which  were  established  for  the  most  part  about 
thirty  years  ago  for  the  purpose  of  affording  a  complete  education  to  those 
who  go  into  active  life  as  soon  as  they  leave  school.  An  account  of  the 
Proasian  Gymnasia  and  Bealschulen  may  be  seen  in  the  Public-School  Com-« 
mission  Be^rt,  Appendix  G ;  further  information  may  be  obtained  in  <  Das 
hohere  Schulwesen  in  Preussen,'  by  Dr.  Wiese,  published  under  the  sanction  of 
the  Minister  of  PubUc  Instruction  in  Prussia,  and  in  the  programmes  issued 
annually  by  the  school  authorities  throughout  Germany*. 

At  the  Gymnasia  natural  science  is  not  taught  to  any  great  extent.  Ac- 
cording to  the  Prussian  official  instructions,  in  tho  highest  class  two  hours, 
and  in  the  next  class  one  hour,  a  week  are  allotted  to  the  study  of  physics. 
In  the  lower  classes  two  hours  a  week  are  devoted  to  natural  history,  t.  e. 
botany  and  zoology.  The  results  of  the  present  training  in  natural  science 
at  the  Gymnasia  are  considered  by  many  eminent  University  professors  in 
Germany  to  be  unsatisfactory,  owing  to  the  insufficient  time  allotted  to  it. 

In  the  Bealschulen  about  six  hours  a  week  are  given  to  physics  and  che- 
mistry in  the  two  highest  classes,  and  two  or  three  hours  a  week  to  natural 
history  in  the  other  classes.  In  these  schools  all  tho  classes  devote  five  or 
six  hours  a  week  to  mathematics,  and  no  Greek  is  learnt.  In  Prussia  thero 
were  in  1864  above  100  of  these  schools. 

•  See  also  £tude  sur  I'instruction  secondaire  et  sup^rieure  on  Allcmagn©,  par  J.  F. 
Minssen,  Paris,  1866.  A  brief  Report  addressed  to  tho  Minister  of  Public  Instruction  in 
France. 

1867.  ^ 
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APPENDIX  B. 

Ok  the  Natural-Sciekge  TsAomKa  at  Bugbt. 

Before  the  Buxnmer  of  [1864  a  boy  on  entering  Bugby  might  signify 
his  wish  to  learn  either  modem  languages  or  natural  science ;  the  lessons 
were  given  at  the  same  time,  and  therefore  excluded  one  another.  If  he 
chose  natural  science  he  paid  an  entrance  fee  of  £1 1«.,  which  went  to 
an  apparatus  ftmd,  and  £5  6».  annually  to  the  lecturer.  Out  of  the  whole 
school,  numbering  from  450  to  500,  about  one-tenth  generally  were  in  the 
natural  science  classes. 

The  changes  proposed  by  the  Commissioners  were  as  follows:  —  That 
natural  science  should  no  longer  be  an  alternative  with  modem  languages, 
but  that  all  boys  should  learn  some  branch  of  it.  That  there  should  be  two 
principal  branches, — one  consisting  of  chemistry  and  physics,  the  other  of 
physiology  and  natural  history,  animal  and  vegetable ;  and  that  the  classes 
in  natural  science  should  be  entirely  independent  of  the  general  divisions  of 
the  school,  so  that  boys  might  be  arranged  for  this  study  exclusively  accord- 
ing to  their  proficiency  in  it. 

Since,  owing  to  circumstances  which  it  would  be  tedious  to  detail,  it  was 
impossible  to  adopt  literally  the  proposals  of  the  Commissioners,  a  system 
was  devised,  which  must  be  considered  as  the  system  of  the  Commissioners 
in  spirit,  adapted  to  meet  the  exigencies  .of  the  case. 

The  general  arrangement  is  tins, — that  new  boys  shall  learn  botany  their 
first  year,  mechanics  their  second,  geology  their  third,  and  chemistry  their 
fourth. 

In  carrying  out  this  general  plan  certain  difficulties  occur,  which  are  met 
by  special  arrangements  depending  on  the  peculiarities  of  the  school  system. 
We  need  not  here  enter  upon  these  details,  because  it  would  be  impossible 
to  explain  them  simply,  and  because  any  complications  which  occur  in  one 
school  would  differ  widely  from  those  which  are  likely  to  arise  in  another. 

Next,  as  to  the  nature  of  the  teaching. 

In  botany  the  instruction  is  given  partly  by*  lectures  and  'partly  from 
Oliver's  Botany.  Flowers  are  dissected  and  examined  by  every  boy,  and 
their  parts  recognized  and  compared  in  different  plants,  and  then  named. 
No  technical  terms  are  given  till  a  familiarity  with  the  organ  to  be  named 
or  described  has  given  rise  to  their  want.  The  terms  which  express  the 
cohesion  and  adhesion  of  the  parts  are  gradually  acquired  until  the  floral 
schedule,  so  highly  recommended  by  Henslow  and  Oliver,  can  be  readily 
worked.  Pruit,  seed,  inflorescence,  the  forms  of  leaf,  stem,  root  are  then 
treated,  the  principal  facts  of  vegetable  physiology  illustrated,  and  the  prin- 
ciple of  classification  into  natural  orders  explained,  for  the  arrangement  of 
which  Bentham's  'Handbook  of  the  British  Mora'  is  used.  Contrary  to  all 
previous  expectation,  when  this  subject  was  first  introduced  it  became  at 
once  both  popular  and  effective  among  the  boys. 

The  lectures  are  illustrated  by  Henslow's  nine  diagrams,  and  by  a  large 
and  excellent  collection  of  paintings  and  diagrams  made  by  the  lecturers  and 
their  friends,  and  by  botanical  collections  made  for  use  in  lectures.  When 
the  year's  course  is  over,  such  boys  as  show  a  special  taste  are  invited  to 
take  botanical  walks  with  the  principal  lecturer,  to  refer  to  the  School  Her- 
barium, and  are  stimulated  by  prizes  for  advanced  knowledge  and  for  dried 
collections,  both  local  and  general. 

In  mechanics  the  lecturer  is  the  senior  Natural  Science  Master.  The 
lectures  include  experimental  investigations  into  the  mechanical  powers,  with 
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numerous  examples  worked  by  the  boys ;  into  the  elements  of  mechanism, 
conyersion  of  motion,  the  steam-engine,  the  equilibrium  of  roo&,  bridges, 
strength  of  material,  &c.  They  are  illostrated  by  a  large  collection  of 
models,  and  are  very  effectiye  and  popular  lectures. 

The  lectures  in  geology  are  undertaken  by  another  master.  This  subject  is 
only  temporarily  introduced,  on  account  of  the  want  of  another  experimental 
schooL  When  this  is  built  the  third  year's  course  will  be  some  part  of  experi- 
mental physics,  for  which  there  already  exists  at  Kugby  a  fair  amount  of  appa- 
ratos.  |p[t  is  very  desirable  that  boys  should  obtain  some  knowledge  of  geology, 
bat  it  is  not  so  well  fitted  for  school  teaching  as  some  of  the  other  subjects  on 
several  grounds.  Perhaps  a  larger  proportion  of  boys  are  interested  in  the 
subject  than  in  any  other ;  but  the  subject  presupposes  more  knowledge  and 
experience  than  most  boys  possess,  and  their  work  has  a  tendency  to  become 
ei^er  superficial,  or  undigested  knowledge  derived  from  books  alone.  The 
lectures  include  the  easier  part  of  Lyell's  Principles,  i.  e,  the  causes  of  change 
now  in  operation  on  the  earth ;  next,  an  account  of  the  phenomena  observ- 
able in  ^c  crust  of  the  earth,  stratification  and  its  disturbances,  and  the 
eoDstraction  of  maps  and  sections ;  and,  lastly,  the  history  of  the  stratified 
rocks  and  of  life  on  the  earth.  These  lectures  are  illustrated  by  a  fair  geo- 
logical collection,  which  has  been  much  increased  of  late,  and  by  a  good  col-* 
lection  of  diagrams  and  views  to  illustrate  geological  phenomena. 

For  chemistry  the  lecturer  has  a  convenient  lecture-room  and  a  small  but 
well-fitted  laboratory*,  and  he  takes  his  classes  through  the  non-metallic  and 
the  metallic  elements :  the  lectures  are  fully  illustrated  by  experiments.  Boys, 
whose  parents  wish  them  to  study  chemistry  more  completely,  can  go  through 
a  complete  course  of  practical  analysis  in  the  laboratory,  by  becoming  private 
pupils  of  the  teacher.    At  present  twenty-one  boys  are  studying  analysis. 

This  being  the  matter  of  the  teaching,  it  remains  to  say  a  few  words  on 
tiie  manner.  This  is  nearly  the  same  in  all  the  classes,  mutatis  mutandis : 
the  lecture  is  given,  interspersed  with  questions,  illustrations,  and  experi- 
ments, and  the  boys  take  rough  notes,  which  are  recast  into  an  intelligible 
and  presentable  form  in  note-books.  These  are  sent  up  about  once  a  fort- 
night, looked  over,  corrected,  and  returned ;  and  they  form  at  once  the  test  of 
how  far  the  matter  has  been  understood,  the  test  of  the  industry,  care,  and 
attention  of  the  boy,  and  an  excellent  subject  for  their  English  composition. 

Examination  papers  are  given  to  the  sets  every  three  or  four  weeks,  and 
to  these  and  to  the  note-books  marks  are  assigned  which  have  weight  in  the 
promotion  from  form  to  form.  The  marks  assigned  to  each  subject  are  pro- 
portional to  the  number  of  hours  spent  in  school  on  that  subject. 

There  are  school  prizes  given  annually  for  proficiency  in  each  of  the  branches 
of  natural  science  above  mentioned. 

This  leads  us,  lastly,  to  speak  of  the  results. 

Krst,  as  to  the  value  of  the  teaching  itself ;  secondly,  as  to  its  efiects  on 
the  other  branches  of  study. 

The  experience  gained  at  Rugby  seems  to  point  to  these  conclusions : — ^That 
botany,  structural  and  dassificatory,  may  be  taught  with  great  efiect  and 
interest  a  large  number  of  boys,  and  is  the  best  subject  to  start  with.  That 
its  exactness  of  terminology,  the  necessity  of  care  in  examining  the  flowers, 
and  the  impossibility  of  superficial  knowledge  are  its  first  recommendations ; 
and  the  successive  gradations  in  the  generalizations  as  to  the  unity  of  type 
of  flowers,  and  the  principles  of  a  natural  classification,  are  of  great  value  to 

»  AnoUier  and  larger  laboratory  and  school  for  Experimental  Physics  will  shortly  be 
boiU  at  Bugby. 

(Xr   ^ 
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the  cleverer  boys.  Tho^  teaching  must  be  based  on  personal  examination 
of  flowers,  assisted  by  diagrams,  and  eyerything  like  cram  strongly  dis- 
couraged. 

Mechanics  are  found  rarely  to  be  done  well  by  those  who  are  not  also  the 
best  mathematicians.  But  it  is  a  subject  which  in  its  applications  interest 
many  boys,  and  would  be  much  better  done,  and  would  be  correspondingly 
more  profitable,  if  the  standard  of  geometry  and  arithmetic  were  higher  than 
it  is.  The  ignorance  of  arithmetic  which  is  exhibited  by  most  of  the  new 
boys  of  fourteen  or  fifteen  would  be  very  surprising,  if  it  had  not  long  since 
ceased  to  surprise  the  only  persons  who  are  acquainted  with  it ;  and  it  forms 
the  main  hindrance  to  teaching  mechanics.  Still,  under  the  circumstances, 
the  results  are  fairly  satisfactory. 

The  geological  teaching  need  not  be  discussed  at  length,  as  it  is  temporary, 
at  least  in  the  middle  school.  Its  value  is  more  literary  than  scientific.  The 
boys  can  bring  neither  mineralogical,  nor  chemical,  nor  anatomical  know- 
ledge ;  nor  have  they  observed  enough  of  rocks  to  make  geological  teaching 
sound.  The  most  that  they  can  acquire,  and  this  the  majority  do  acquire, 
is  the  general  outline  of  the  history  of  the  earth  and  of  the  agencies  by 
which  that  history  has  been  efifected,  with  a  conviction  that  the  subject  is 
an  extremely  interesting  one.  It  supplies  them  with  an  object  rather  than 
with  a  method. 

Of  the  value  of  elementary  teaching  in  chemistry  there  can  be  only  one 
opinion.  It  is  felt  to  be  a  new  era  in  a  boy's  mental  progress  when  he  has 
realized  the  laws  that  regulate  chemical  combination  and  sees  traces  of  order 
amid  the  seeming  endless  variety.  But  the  number  of  boys  who  get  real 
hold  of  chemistry  yVom  lectures  alone  is  small,  as  might  be  expected  from  the 
nature  of  the  subject. 

Of  the  value  of  experimental  teaching  in  physics,  especially  pneumatics, 
heat,  acoustics,  optics,  and  electricity,  there  can  be  no  doubt.  Nothing  but 
impossibilities  would  prevent  the  immediate  introduction  of  each  of  these 
subjects  in  turn  into  the  Rugby  curriculum. 

Lastly,  what  are  the  general  results  of  the  introduction  of  scientific  teach- 
ing in  the  opinion  of  the  body  of  masters  ?  In  brief  it  is  this,  that  the  school 
as  a  whole  is  the  better  for  it,  and  that  the  scholarship  is  not  worse.  The 
number  of  boys  whose  industry  and  attention  is  not  caught  by  any  school 
study  is  decidedly  less ;  there  is  more  respect  for  work  and  for  abilities  in 
the  different  fields  now  open  to  a  boy ;  and  though  pursued  often  with  great 
vigour,  and  sometimes  with  great  success,  by  boys  distinguished  in  classics, 
it  is  not  found  to  interfere  with  their  proficiency  in  classics,  nor  are  there 
any  symptoms  of  overwork  in  the  school.  This  is  the  testimony  of  classical 
masters,  by  no  means  specially  favourable  to  science,  who  are  in  a  position 
which  enables  them  to  judge.  To  many  who  would  have  left  Rugby  with 
but  little  knowledge,  and  little  love  of  knowledge,  to  show  as  the  results  of 
their  two  or  thi'ee  years  in  our  middle  school,  the  introduction  of  science 
into  our  course  has  been  the  greatest  possible  gain :  and  others  who  have 
left  from  the  upper  part  of  the  school,  without  hope  of  distinguishing  them- 
selves in  classics  or  mathematics,  have  adopted  science  as  their  study  at  the 
Universities.  It  is  believed  that  no  master  in  Rugby  School  would  wish  to 
give  up  natural  science  and  recur  to  the  old  curriculum. 
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APPENDIX  C. 
Oh  the  Teaghikg  op  Science  at  Habbow  School. 

From  this  tune  forward  natural  science  mil  be  made  a  regular  subject  for 
systematic  teaching  at  Harrow,  and  a  natural  science  master  has  been 
appointed. 

But  for  many  years  before  the  Boyal  Commission  for  Inquiry  into  the 
Public  Schools  had  been  appointed,  a  voluntary  system  for  the  encouragement 
of  science  had  been  in  existence  at  Harrow.  There  had  been  every  term 
a  voluntary  examination  on  some  scientific  subject,  which,  together  with  the 
text-books  recommended,  was  announced  at  the  end  of  the  previous  term. 
Boys  from  all  parts  of  the  school  offered  themselves  as  candidates  for  these 
volnntary  examinations,  and  every  boy  who  acquitted  himself  to  the  satisfac- 
tion of  the  examiners  (who  were  always  two  of  the  masters)  was  rewarded 
with  reference  to  what  could  be  expected  from  his  age  and  previous  attain- 
ments. The  text-books  were  selected  with  great  care,  and  every  boy  really 
interests  in  his  subject  could  and  did  seek  the  private  assistance  of  his  tutor 
or  of  some  other  master.  The  deficiencies  of  the  plan,  if  regarded  as  a  5u6- 
stiiute  for  the  more  formal  teaching  of  science,  were  too  obvious  to  need 
pointing  out;  yet  its  results  were  so  far  satisfactory  that  many  old  Harro- 
vians spoke  of  it  with  gratitude,  among  whom  are  some  who  have  since  de- 
voted themselves  to  science  with  distinguished  success. 

One  of  the  main  defects  of  this  plan  (its  want  of  all  system)  was  remedied  a 
year  ago,  when  two  of  the  masters  drew  up  a  scheme,  which  was  most  readily 
adopted,  by  which  any  boy  staying  at  Harrow  for  three  years  might  at  least 
have  the  opportunity  during  that  time  of  being  introduced  to  the  elementaiy 
conceptions  of  astronomy,  zoology,  botany,  structural  and  classificatory,  chc- 
mistiy,  and  physics.  These  subjects  were  entrusted  to  the  responsibility  of 
eight  of  the  masters,  who  drew  up  with  great  care  a  syllabus  on  the  subject 
for  each  term,  recommend  the  best  text-books,  and  give  weekly  instruction 
(which  is  perfectly  gratuitous)  to  all  the  boys  who  desire  to  avaU  themselves 
of  it ;  indeed  a  boy  may  receive,  in  proportion  to  the  interest  which  he 
manifests  in  the  subject,  almost  any  amount  of  assistance  which  he  may  care 
to  seek.  Proficiency  in  these  examinations  is  rewarded  as  before ;  and  to 
encourage  steady  perseverance,  the  boys  who  do  best  in  the  examination  du- 
ring a  course  of  three  terms  receive  more  valuable  special  rewards. 

As  offering  to  boys  a  voluntary  and  informal  method  of  obtaining  much 
sdentific  information  this  plan  (which  was  originated  at  Harrow,  and  has 
not,  so  far  as  we  are  aware,  been  ever  adopted  at  any  other  school)  offers 
many  advantages.  It  is  sufficiently  clastic  to  admit  of  many  modifications ; 
it  is  sufficiently  comprehensive  to  attract  a  great  diversity  of  tastes  and  incli- 
nations ;  it  cannot  be  found  oppressive,  because  it  rests  with  each  boy  to  decide 
whether  he  has  the  requisite  leisure  or  not ;  it  can  be  adopted  with  ease  at 
any  school  where  even  a  small  body  of  the  masters  are  interested  in  one  or 
other  special  branch  of  science ;  and  it  may  tend  to  excite  in  some  minds  a 
more  spontaneous  enthusiasm  than  could  be  created  by  a  compulsory  plan 
alone. 

TTe  would  not,  however,  for  a  moment  recommend  the  adoption  of  any  such 
plan  as  a  svhstitute  for  more  regular  scientific  training.  Its  chief  value  is 
jmielj  svpplemental,  and  henceforth  it  will  be  regarded  at  Harrow  as  entirely 
subordinate  to  the  formal  classes  for  the  teaching  of  science  which  will  be 
immediately  established. 

In  addition  to  this,  more  than  a  year  ago  some  of  the  boys  formed  them- 


liv  REPORT — 1867, 

selyoa  into  a  yolontary  association  for  the  pursuit  of  science.  This  Scientific 
Society,  which  numbers  upwards  of  thirty  members,  meets  every  ten  days  at 
the  house  and  under  the  presidency  of  one  or  other  of  the  masters.  Objects 
of  scientific  interest  are  exhibited  by  the  members,  and  papers  are  read  gene- 
rally on  some  subject  connected  with  natural  history.  Under  the  auspices  of 
this  Society  the  nucleus  of  a  future  museum  has  already  been  formed ;  and 
among  other  advantages  the  Society  has  had  the  honour  of  numbering  among 
its  visitors  more  than  one  eminent  representative  of  literature  and  scienco. 
We  cannot  too  highly  recommend  the  encouragement  of  such  associations  for 
intelleotual  self-culture  among  the  boys  of  our  public  schools. 

Report  of  the  Kew  Committee  of  the  British  Association  for  the 

Advancement  of  Science  for  1866-67. 

The  Committee  of  the  Eew  Observatory  submit  to  the  Council  of  the  British 
Association  the  following  statement  of  their  proceedings  during  the  past 
year : — 

At  the  Nottingham  Meeting  it  was  resolved,  ^'  That  the  Eew  Committee 
be  authorized  to  discuss  and  make  the  necessary  arrangements  with  the  Board 
of  Trade,  should  any  proposal  be  made  respecting  the  superintendence,  reduc- 
tion, and  publication  of  Meteorological  observations,  in  accordance  with  the 
recommendations  of  the  Beport  of  the  Committee  appointed  to  consider  cer- 
tain questions  relating  to  the  Meteorological  Department  of  the  Board  of 
Trade." 

On  the  18th  of  October  last,  a  joint  Meeting  of  the  Kew  Committee,  and 
of  the  President,  Yice-Presidents,  and  other  Officers  of  the  Boyal  Society,  took 
place,  to  take  into  consideration  a  communication  which  had  been  received 
by  the  President  of  the  Boyal  Society  from  the  Board  of  Trade  relative  to 
the  Meteorological  Department,  and  to  consider  what  reply  should  be  sent. 

At  this  joint  Meeting  it  was  recommended  that  the  Department  under 
whose  care  the  Meteorological  observations,  reductions,  and  tabulations  are 
to  be  made  should  be  under  the  direction  and  control  of  a  Superintending 
Scientific  Committee,  who  should  (subject  to  the  approval  of  the  Board  of 
Trade)  have  the  nomination  to  all  appointments,  as  well  as  the  power  of 
dismissing  the  usual  officials  receiving  salaries  or  remuneration.  It  was  also 
understood  that  while  the  services  of  the  Committee  were  to  be  gratuitous, 
they  would  yet  necessarily  require  the  services  and  assistance  of  a  competent 
paid  Secretary. 

Finally,  the  draft  of  a  reply  to  the  above-mentioned  communication  from 
the  Board  of  Trade  was  agreed  to  at  this  Meeting,  for  consideration  of  the 
Council  of  the  Royal  Society. 

The  Council  of  the  Royal  Society,  on  13th  Dec.  1866,  nominated  the  following 
PeUows  of  the  Society  as  the  Superintending  Meteorological  Committee  :— 
General  Sabine,  Pres.  R.S.,  Mr.  Do  la  Rue,  Mr.  Francis  Gkilton,  Mr,  Gassiot, 
Dr.  W.  A.  MiUer,  Captain  Richards  (Hydrographer  of  the  Admiralty),  Colonel 
Smythe,  and  Mr.  Spottiswoode ;  and  on  the  3rd  of  January  this  Committee 
appointed  Mr.  Balfour  Stewart  as  its  Secretary,  on  the  understanding  that 
ho  should,  with  the  concurrence  of  the  Eew  Committee  of  the  British  Associa- 
tion, retain  his  present  office  of  Superintendent  of  the  Kew  Observatory. 

It  was  also  proposed  that  Kew  Observatory  should  become  the  Central 
Observatory,  at  which  all  instruments  used  by  or  prepared  for  the  several 
observatories  or  stations  connected  with  the  Meteorological  Department  should 
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be  verified, — ^tfae  entire  expense  attendant  thereon,  or  any  future  expense 
aiuing  thiongli  the  oonnexion  of  the  Observatory  with  the  Meteorological 
Department  being  paid  from  the  funds  supplied  by  the  latter,  and  not  in  any 
w&y  from  money  subsoiibed  by  the  British  Association,  l^ese  proposals 
having  been  submitted  to  the  £ew  Committee,  they  approved  of  the  Kew 
Observatory  being  regarded  as  the  Central  Observatory  of  the  Meteorological 
D^Mirtment,  and  of  Mr.  Stewart's  holding  the  office  of  Secretary  to  the 
Sdentific  Committee  superintending  that  Department. 

When  the  Meteorological  Department  was  placed  under  the  superinten- 
dence of  a  Sdentifio  Committee,  one  of  the  main  objects  contemplated  was 
the  establishment  of  a  series  of  meteorological  observatories,  working  in  unison 
with  the  Kew  Observatory,  provided  with  similar  self-recording  instruments, 
and  £stribnted  throughout  the  country  in  such  a  manner  that  by  their  means 
the  progress  of  meteorological  phenomena  over  the  British  Isles  might  be  re- 
ecrded  with  g;reat  exactness. 

Por  thia  purpose  it  was  proposed  to  have  observatories  in  the  following 
plaees: — 


Aberdeen  (probably). 

Armstgh. 

Yalenda. 


Kew  (Central  Observatory). 

Falmouth. 

Btonyhurst. 

Glasgow. 

Such  a  plan  of  course  involves  an  additional  annual  expenditure;  but,  the 
appointmait  of  a  Committee  having  been  sanctioned  in  the  first  instance  by 
the  Government,  and  the  estimates  attendant  thereon  afterwards  by  the 
House  of  Commons,  the  arrangement  may  now  be  regarded  as  established, 
without  iuTolving  any  additional  expense  to  the  British  Association.  The 
consequence  will  be  a  considerable  access  of  work  to  Kew  Observatory, 
and  the  duties  now  undertaken  by  that  establishment  may,  for  clearness' 
sake,  be  considered  under  the  two  following  heads : — 

(A)  The  work  done  by  Kew  Observatory  under  the  Direction  of  the 

British  Association. 

(B)  That  done  at  Kew  as  the  Central  Observatory  of  the  Meteorological 

Conunittee. 
This  system  of  division  will  be  adopted  in  what  follows  of  this  Boport. 

(A)  WOSK  nONE  B7  KSW  ObSEBVATOBX  Uin)£B  THE  DiBECnOK  OF  THE 

Bbitish  Assoccaiion. 

1.  Magnetic. — ^The  Self-recording  Magnetographs  ordered  by  the  Vic- 
toria Government  for  Mr.  EUery,  of  Melbourne,  have  been  verified  at  Kew, 
and  dispatched  to  Melbourne,  where  they  have  arrived.  They  will,  it  is  be- 
hoved, be  very  shortiy  in  continuous  action. 

It  was  mentioned  in  the  last  Eeport  that  a  set  of  Self-recording  Magneto- 
graphs  ordered  by  the  Stonyhurst  Observatory  had  been  verified  at  Kew  and 
dispatched  to  their  destination.  These  instruments  are  now  in  action  at 
Stonyhurst,  under  the  direction  of  the  Eev.  W.  Sidgreaves. 

Mr.  Meldrum,  of  the  Mauritius  Observatory,  who  is  now  in  this  country, 
has  received  at  Kew  instruction  in  the  various  processes  of  that  establish- 
ment. Kift  Self-recording  Magnetographs  have  been  verified  in  his  presence, 
and  they  are  now  in  the  hands  of  the  optician,  who  is  awaiting  Mr.  Meldrum's 
instructions  r^arding  them. 

It  is  hoped  that  very  soon  a  considerable  number  of  Magnetographs  after 
the  Kew  pattern  will  be  in  continuous  operation  at  different  parts  of  the 
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world;  and  as  during  the  next  two  or  three  years  magnetic  disturbances 
may  be  expected  to  increase,  it  will  be  interesting  to  institute  comparisons 
between  the  simultaneous  records  produced  by  these  various  instruments. 

The  usual  monthly  absolute  determinations  of  the  magnetic  elements  con- 
tinue to  be  made  by  Mr.  Whipple,  magnetic  assistant;  and  the  Self-record- 
ing If  agnetographs  are  in  constant  operation  as  heretofore,  also  under  Mr. 
Wbipple,  who  has  displayed  much  care  and  assiduity  in  the  discharge  of  his 
duties. 

The  photographic  department  connected  with  the  self-recording  instruments 
is  under  the  charge  of  Mr.  Page,  who  performs  his  duties  very  satisfactorily. 

The  observations  made  for  the  purpose  of  determining  the  temperature 
coefficients  of  the  horizontal-force  and  vertical-force  magnetograj^  have 
been  reduced. 

In  order  to  obviate  the  chance  of  any  break  in  the  continuity  of  the  series 
of  absolute  magnetic  determinations  made  at  Kew  which  might  arise  from 
a  change  of  the  magnetic  assistant,  the  Superintendent  has  commenced  taking 
quarterly  observations  of  the  dip  and  horizontal  force,  with  the  view  of  cor- 
recting any  change  in  personal  equation  which  might  be  produced  by  change 
of  assistant. 

The  magnetic  curves  produced  at  Few  previously  to  the  month  of  Ja- 
nuary 1865,  have  all  been  measured  and  reduced  under  the  direction  of 
General  Sabine,  by  the  staff  of  his  office  at  Woolwich,  and  the  results  of  this 
reductibn  have  been  communicated  by  General  Sabine  to  the  Royal  Society 
in  a  series  of  interesting  and  valuable  memoirs.  It  is  now  proposed  that  the 
task  of  tabulating  and  reducing  these  curves  since  the  above  date  be  performed 
by  the  staff  at  Kew  working  under  the  direction  of  Mr.  Stewart. 

2.  Meteorological  work. — The  meteorological  work  of  the  Observatory  con- 
tinues in  charge  of  Mr.  Baker,  who  executes  his  duties  very  satisfactorily. 

Since  the  Nottingham  Meeting  89  Barometers  have  been  verified ;  608 
Thermometers  have  likewise  been  verified,  and  two  Standard  Thermometers 
have  been  constructed  at  the  Observatory. 

The  Self-recording  Barograph  continues  in  constant  operation,  and  traces 
in  duplicate  are  obtained,  one  set  of  which  is  regularly  forwarded  to  the 
Meteorological  Office. 

A  Self-recording  Barograph  and  Thermograph  on  the  new  Kew  pattern 
about  to  be  made  for  Mr.  Ellery  of  Melbourne,  and  a  Self-recording  Baro- 
graph for  Mr.  Smalley  of  Sydney,  will  be  verified  at  the  observatory  before 
they  are  dispatched  to  their  destination. 

The  Anemometer  is  in  constant  operation  as  heretofore. 

Dr.  R.  Coleridge  Powles,  before  he  proceeded  to  Pekin,  received  meteorolo- 
gical instruction  at  Kew. 

The  well-known  apparatus  employed  for  so  long  a  time  by  Mr.  Robert 
Addams  for  liquefying  carbonic  acid,  has  been  purchased  by  Mr.  Stewart  fix>m 
funds  supplied  by  the  Royal  Society ;  and  Mr.  Addams  has  kindly  under^ 
taken  to  make  a  preliminary  experiment  with  his  apparatus,  as  well  as  to 
give  specific  instructions  regarding  it.  As  the  exact  thermometric  value  of  the 
freezing-point  of  mercury  has  been  previously  determined  by  Mr.  Stewart,  it 
is  expected  that  the  apparatus  will  furnish  the  means  of  verifying  thermo- 
meters at  very  low  temperatures. 

At  the  request  of  the  Meteorological  Committee,  several  Aneroids  have 
been  obtained  from  the  best-known  makers  of  these  instruments,  and,  by 
means  of  an  apparatus  constructed  by  Mr.  Beckley  for  this  purpose,  they 
have  been  compared  with  a  standard  Barometer  at  different  pressuresi  being 
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meanwhile  tapped  so  as  to  imitate  as  well  as  possible  the  tapping  by  the 
hand  which  these  instruments  are  usually  subjected  to  previously  to  the  read- 
isoa  being  taken. 

These  ^Eperiments  show  that^  while  Aneroids  cannot  be  considered  equal 
in  aeenracy  to  standard  Barometers,  yet  the  best-constructed  Aneroids^  within 
certain  limits,  giye  reliable  results. 

3.  Fhotoheliograph. — ^The  Kew  Heliograph,  in  charge  of  Mr.  De  la  Eue, 
continues  to  be  worked  in  a  satisfactory  manner.  During  the  past  year  204 
negatiTes  have  been  taken,  on  144  days.  Pictures  of  the  Pagoda  in  £ew 
Gardend  are  regularly  taken  by  this  instrument,  in  the  hope  that  by  this 
means  the  angular  diameter  of  the  Sun  may  be  satisfactorily  determined. 
Since  the  last  Meeting  of  the  Association,  a  second  series  of  solar  researches, 
in  continuation  of  the  first  series,  has  been  published  (the  expense  of  print- 
ing haying  been  defrayed  by  Mr.  De  la  Hue),  entitled  "  liesearches  in  Solar 
Physics,  Second  Series,  Area  Measurements  of  the  Sun-spots  observed  by 
Mr.  Carrington  during  the  seven  years  1854-1860  indusive,  and  deduc- 
tions therefrom.     By  Messrs.  De  la  Eue,  Stewart,  and  Loewy." 

The  Heliographic  latitudes  and  longitudes  of  all  the  spots  recorded  by  the 
£ew  Photoheliograph  during  the  years  1862  and  1863  have  been  calcuhttcd, 
and  it  is  hoped  that  the  results  may  soon  be  published,  forming  a  third 
Kiies  of  Solar  Besearches.  It  is  believed  that  these  results  will  demon- 
strate the  superiority  of  photographic  pictures  over  all  other  methods  of 
observation. 

The  sum  of  ^60  has  been  obtained  from  the  Government  Grant  fund  of  the 
Boyal  Society,  to  be  applied  to  the  discussion  of  Hofrath  Schwabe's  long  and 
valuable  series  of  Sun-spots,  at  present  in  the  possession  of  Kew  Observatory. 
These  pictures  are  now  being  examined  with  this  object. 

Sun-spots  continued  likewise  to  be  numbered  after  the  manner  of  Hofrath 
Schwabe,  and  a  table  exhibiting  the  monthly  groups  observed  at  Dessau  and 
at  Kew  for  the  year  1866  has  sdready  appeared  in  the  Monthly  Notices  of  the 
Astronomical  Society,  vol.  xxvii.  No.  3. 

4.  Apparatus  for  verifying  Sextants, — The  apparatus  constructed  by 
Mr.  Cooke,  for  verifying  Sextants,  has  for  some  time  been  erected  at  the 
Observatory ;  and  a  description  of  it  has  been  communicated  by  Mr.  Stewart 
to  the  Boyal  Society,  and  published  in  their  *  Proceedings,'  vol.  xvi.  p.  2. 

Seven  Sextants  have  been  verified  during  the  past  year. 

5.  Miscellaneous  work. — ^Tho  preliminary  observations  with  Captain  Eater's 
pendulum,  alluded  to  in  last  year's  Beport,  have  been  made ;  but  the  reduc- 
tions are  not  yet  quite  finished. 

An  account  of  certain  experiments  on  the  heating  of  a  disk  by  rapid  rota- 
tion in  vacuo  has  been  communicated  to  the  Eoyal  Society  by  Mr.  Stewart 
in  conjunction  with  Professor  Tait,  and  has  been  published  in  the  '  Pro- 
eeedings '  of  that  body. 

The  instrument  devised  by  Mr.  Broun  for  the  purpose  of  estimating  the 
magnetic  dip  by  means  of  soft  iron,  remains  at  present  at  the  Observatory, 
avaiting  Mr.  Broun's  return  to  England. 

During  the  past  year  two  standard  yards  for  opticians  have  been  compared 
with  the  Kew  standard. 

Several  instruments,  chiefly  magnetic,  have  been  sent  to  Eew  by  General 
Sabine  from  his  office  at  Woolwich. 
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(B)  WOBE  DONE  AT  EbW  AS  THB  CeK^ERAL  ObSBBYATOBT  OF  THB 

Meteobolooioal  Cokhitteb. 

Mr.  Stewart^  as  Director  of  the  Central  Meteorological  Observatory,  having 
been  called  upon  to  arrange  the  self-recording  instruments  required  by  the 
Meteorological  Committee,  has  obtained  the  cooperation  of  Mr.  Beckley,  me- 
chanical assistant  at  Kow,  from  whom  he  has  derived  very  great  aid,  and  in 
conjunction  with  him  has  arranged  the  Self-recording  Thermograph  and 
Barograph  which  have  been  adopted  by  the  Meteorological  Committee. 

The  following  are  the  chief  characteristics  of  these  instruments : — 

Thermograph. — In  this  instrument  an  air-speck,  formed  by  a  break  in  the 
mercurial  column  of  a  thermometer,  allows  the  light  of  a  gas-lamp  to  pass 
through  it,  yielding  an  image  that  is  obtained  on  a  revolving  cylinder  covered 
with  photographic  paper. 

As  the  cylinder  revolves  once  in  forty-eight  hours,  and  as  the  thermometric 
column  rises  and  falls,  these  motions  delineate  a  curve,  by  means  of  which 
the  temperature  of  the  thermometer  is  denoted  from  moment  to  moment. 
There  would  be  but  one  curve  if  there  were  only  one  thermometer;  in 
practice  there  are  two,  the  dry  and  wet  bulb,  the  object  of  the  first  being 
to  register  the  temperature  of  the  air,  and  of  the  second  to  register  that 
of  evaporation*  In  this  Thermograph  the  simultaneous  records  of  these  two 
thermometers  are  obtamed,  the  one  under  the  other,  on  the  same  sheet  of 
paper.  We  have  thus  an  under  curve  denoting  the  readings  of  the  wet-bulb 
thermometer,  and  a  curve  above  it  denoting  those  of  the  diy-bulb  thermo- 
meter. 

An  arrangement  connected  with  the  clock  of  this  instrument  has  been 
proposed  and  executed  by  Mr.  Beckley,  by  means  of  which  the  light  is  cut 
off  from  the  sensitive  paper  for  four  minutes  every  two  hours.  A  small 
break  is  thus  produced  every  two  hours  on  each  curve,  by  means  of  which 
the  time  of  any  phenomenon  may  be  easily  ascertained.  By  drawing  lines 
through  the  simidtaneous  breaks  of  the  wet  and  dry-bulb  curves,  a  series 
of  lines  is  obtained  perpendicular  to  the  direction  of  motion  of  the  cylinder, 
which  serves  the  purposes  of  a  zero-line.  Lastly,  a  Kew  Standard  Ther- 
mometer, similar  in  size  and  figure  to  those  of  the  Thermograph,  and  placed 
between  them  (outside  the  house),  is  used  as  the  standard  of  reference,  and, 
as  such,  is  read  (by  eye)  five  or  six  times  a  day.  By  this  means  an  independent 
determination  of  the  temperature  of  the  air  may  be  obtained  from  time  to 
time. 

The  Thermograph  has  been  for  some  time  ready  to  commence  continuous 
registration.  Hitiierto  this  has  been  delayed  with  the  view  of  making  ex- 
periments designed  to  improve  the  working  of  the  instrument,  because  up  to 
the  present  time  these  improvements  could  be  easily  adapted  to  the  other 
instruments  in  course  of  construction.  It  is  intended  to  commence  the  regular 
working  of  the  instrument  before  the  beginning  of  September. 

Barograph. — ^The  arrangement  for  cutting  off  the  light  e.very  two  hours,  and 
the  precaution  of  compaiing  the  observations  with  those  of  a  standard  instru- 
ment, read  five  or  six  times  a  day,  will  be  introduced  in  the  Barograph  as 
well  as  in  the  Thermograph.  The  correction  of  the  Barograph  for  tempe- 
rature is  the  only  thing  to  which  it  is  necessary  to  allude.  Here  the  curve 
denotes  an  uncorrected  Barometer :  the  zero-lme  is  not  a  straight  line,  but 
is  formed  by  the  interception  of  the  light  from  the  qylinder  by  a  stop  which, 
by  means  of  a  lever  arrangement,  rises  and  falls  with  temperature  as  much 
as  the  barometric  column  rises  and  falls  from  the  same  cause ;  that  is  to 
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say,  in  order  to  find  the  true  height  of  the  barometeri  we  measnro  between 
the  zero-line  and  the  line  denoting  the  top  of  the  uncorrected  column,  since, 
when  the  top  of  the  column  rises  or  falls  through  temperature,  the  zero- 
line  rises  or  falls  just  as  much.  This  mode  of  correction,  although  sufficient 
for  most  purposes,  cannot  yet  be  absolutely  perfect ;  a  little  reflection  will, 
however,  show  that  the  curved  zero-line  may  not  only  be  used  as  the 
means  of  correcting  the  readings  of  the  instrument,  but  also  as  giving  the  actual 
temperature  of  the  mercurial  column  from  moment  to  moment,  so  that  the 
true  temperature-correction  may  with  very  little  trouble  be  obtained  and 
applied. 

A  comparison  of  the  curves  of  the  old  Kew  Barograph  at  present  in 
operation,  with  those  of  the  Oxford  Barograph,  has  shown  that  there  is 
probably  a  slight  adhesion  of  the  mercury  to  ihe  sides  of  the  tube  of  the 
former  instrument ;  moreover  the  instrument  is  not  in  all  respects  the  same 
as  those  about  to  be  supplied  to  the  other  observatories.  It  has  therefore 
been  resolved  that  one  of  the  new  instruments  shall  be  substituted  for  it. 

Anemometer. — This  instrument  is  a  modification  of  Dr.  Eobinson's.  Its 
time-scale  corresponds  in  length  with  those  of  the  Thermograph  and  Baro- 
graph,— ^the  object  of  having  all  the  time-scales  of  the  same  length  being  to 
obtain  the  means  of  accurately  placing  the  simultaneous  records  of  the 
different  instruments,  one  under  the  other,  on  the  same  sheet  of  paper.  The 
present  Anemometer  will  have  to  be  altered,  as  it  is  not  self-recording  for 
direction  ;  and  it  is  then  intended  to  support  it  above  the  moveable  dome  of 
the  Observatory  so  as  to  be  independent  of  it. 

In  order  to  fit  the  Observatory  for  the  purposes  of  the  Meteorological 
Committee,  one  of  the  outhouses,  at  present  only  occasionally  used  for  the  veri- 
fication of  Magnetographs,  has  been  altered  so  as  to  make  it  also  available  for 
the  verification  of  meteorological  self-recording  instruments ;  this,  together 
with  the  addition  of  a  small  brick  building  outside,  will  be  sufficient  for  the 
purposes  of  the  Meteorological  Committee.  When  this  building  is  completed 
it  will  receive  all  the  moveable  iron  at  present  in  the  Observatory;  this 
arrangement  will  at  the  same  time  set  free  the  present  workshop,  additional 
room  being  required  for  the  increasing  work  of  the  Observatory. 

J.  P.  Gassiot,  Chairman, 
Kew  Observatory,  22nd  August  1867. 


Report  of  the  Parliamentary  Committee  to  the  Meeting  of  the  British 

Association  at  Dundee ,  September  1867. 

The  Parliamentary  Committee  have  the  honour  to  report  as  follows : — 
Your  Committee  have  to  express  their  regret  that  the  PubHc  Schools  Bill 
has  again  failed  to  obtain  the  sanction  of  the  Legislature ;  but  it  is  a  subject 
for  congratulation  that  the  discussions  in  Parliament  and  elsewhere,  which 
have  followed  its  introduction,  have  already  borne  fruit.  The  attention  of 
the  public  appears  to  have  been  awakened  to  the  necessity  for  introducing 
scientific  teaching  into  our  Schools,  if  we  are  not  willing  to  sink  into  a  con- 
dition of  inferiority  as  regards  both  intellectual  culture  and  skill  in  art  when 
compared  with  foreign  nations.  The  voluntary  efforts  of  the  Masters  of  two 
of  our  great  schools  to  add  instruction  in  Natural  Science  to  the  ordinary 
Classical  course  are  deserving  of  all  praise ;  and  some  evidence  of  their  sue- 
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eas  may  be  deriyed  from  tlie  interesting  fact,  disclosed  in  the  able  Beport 
of  the  Committee  appointed  by  the  Council  of  the  Association  to  consider  this 
sabjecty  that  some  of  the  boys  at  Harrow  have  formed  themselTes  into  a 
TK^ontaiy  Aasociation  for  the  pursuit  of  Science. 

Your  Committee  hare  communicated  to  the  Lord  Chancellor  the  Beports  of 
the  Committee  on  Scientific  Evidence  in  Courts  of  Law ;  and  his  Lordship 
has  promised  to  consider  the  subject  during  the  recess. 

The  Chairman  of  your  Committee  has  also  lately  been  in  communication 
with  the  President  of  the  Board  of  Trade,  with  the  object  of  prevailing 
oa  the  Ooremment  to  amend  the  imsatisfactory  provisions  now  in  force, 
imder  the  authority  of  the  Merchant  Shipping  Act,  for  securing  the  proper 
adjusbnent  of  the  Compasses  of  the  iron-built  ships  of  the  Mercantile  Marine. 

This  measure  was  strongly  and  ably  advocated  by  the  President  and 
Coimcil  of  the  Boyal  Society,  in  a  correspondence  which  passed  between 
them  and  Ihe  Board  of  Trade  in  1865,  but  Htherto  without  success. 

Weottbslet,  Chairman. 
31it  August,  1867. 


BscoiQCEKnAxioirs  adopted  by  the  Gseeba]^  ComtrciEB  at  the  Dundee 

Meetieo  in  Septeicbsr  1867. 

[When  Committoea  are  appohited,  the  Member  first  named  is  regarded  as  the  Secretary, 

except  there  is  a  specific  nomination.] 

Involving  Grants  of  Money. 

That  the  sum  of  £600  be  placed  at  the  disposal  of  the  Council  for  main^ 
taicdng  the  Establishment  of  the  Kew  Observatory. 

That  the  Lunar  Committee  be  reappointed,  and  consist  of  Mr.  J.  Glalsher^ 
Lord  Bosse,  Lord  Wrottesley,  Sir  J.  Herschel,  Bart.,  Professor  Phillips,  Rev. 
C.  Pritchard,  Mr.  W.  Huggins,  Mr.  W.  De  la  Rue,  Mr.  C.  Brooke,  Rev.  T.  W. 
Webb,  Mr.  J.  N.  Lockyer,  and  Mr.  W.  R.  Birt ;  and  that  the  sum  of  £120 
be  placed  at  their  disposal. 

That  Dr.  Joule,  Sir  "W.  Thomson,  Professor  Tait,  Mr.  Balfour  Stewart,  and 
Professor  G.  C.  Foster  be  a  Committee  for  the  purpose  of  executing  a  re- 
measurement  of  the  Dynamical  Equivalent  of  Heat ;  that  Professor  Foster 
be  the  Secretary,  and  that  the  sum  of  £50  be  placed  at  their  disposal  for  the 
purpose. 

^at  the  Committee  for  reporting  on  the  Rainfall  of  the  British  Isles,  con- 
sisting of  Mr.  Glaishcr,  Lord  Wrottesley,  Professor  Phillips,  Mr.  G.  J.  Symons, 
Mr.  J.  P.  Bateman,  Mr.  R.  W.  Mylne,  and  Mr.  T.  Hawksley,  be  reappointed ; 
that  Mr.  G.  J.  Symons  be  the  Secretary,  and  that  the  sum  of  £50  be  placed 
at  their  disposal. 

That  the  Balloon  Committee,  consisting  of  Colonel  Sykes,  Mr.  Airy, 
Lord  Wrottesley,  Sir  David  Brewster,  Sir  J.  Herschel,  Bart.,  Dr.  Robinson^ 
Mr.  Fairbaim,  Dr.  TyndaU,  Dr.  W.  A.  Miller,  and  Mr.  Glaisher,  be  reap- 
pointed for  the  purpose  of  ascents,  and  a  farther  reduction  of  the  observa- 
tions ;  and  that  £50  (remaining  undrawn  from  the  last  grant)  be  placed  at 
tiieir  dispoeaL 

That  a  Committee,  consisting  of  Sir  W.  Thomson,  the  Astronomer  Royal, 
the  Presidents  of  the  Royal  and  Astronomical  Societies,  Lord  Wrottesley, 
Mr.  W.  De  la  Rue,  Professor  Stokes,  Professor  Adams,  Professor  Price,  Pro- 
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feasor  Fuller,  Professor  Eelland,  Professor  Bankine,  Professor  Fischer,  Mr. 
Gassiot,  Dr.  Bobinson,  Mr.  J.  F.  Bateman,  Mr.  J.  Oldham,  Mr.  W.  Parkes, 
Mr.  T.  Webster,  Mr.  W.  Sissons,  Admiral  Sir  Edward  Beloher,  K.G.B.,  and 
Mr.  J.  F.  Iselin  (with  power  to  add  to  their  number),  be  appointed  for  the 
purpose  of  promoting  the  extension,  improvement,  and  harmonic  analysis  of 
TidaL  Observations ;  that  Professor  Fuller  and  Mr.  J.  F.  Iselin  be  the  Secre- 
taries, and  that  the  sum  of  £100  be  placed  at  their  disposal  for  the  purpose. 

That  Sir  William  Thomson,  Dr.  Everett,  Sir  Charles  Lyell,  Bart.,  Prin- 
cipal Forbes,  Mr.  J.  Clerk  Maxwell,  Professor  Phillips,  Mr.  G.  J.  Symons,  Mr. 
Balfour  Stewart,  Professor  Bamsay,  Mr.  Geikie,  Mr.  Glaisher,  Bev.  Dr. 
Graham,  Mr.  E.  W-  Binney,  Mr.  George  Maw,  and  Mr.  Pengelly  be  a  Com- 
mittee for  the  purpose  of  investigating  the  rate  of  increase  of  TJndergronnd 
Temperature  downwards  in  various  localities  of  dry  land  and  under  water  ; 
that  Dr.  Everett  be  the  Secretary,  and  that  the  sum  of  i£50  be  placed  at 
their  disposal  for  the  purpose. 

That  the  Committee  on  Luminous  Meteors  and  Aerolites,  consisting  of 
Mr.  Glaisher,  Mr.  B.  P.  Greg,  Mr.  E.  W.  Brayley,  Mr.  Alexander  Herschel, 
and  Mr.  C.  Brooke,  be  reappointed;  that  Mr.  Herschel  be  the  Secretary, 
and  that  the  sum  of  £50  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Anderson  and  Mr.  Catton  be  a  Committee  for  &o  purpose  of 
prosecuting  the  researches  of  Mr.  Catton  on  the  Synthesis  of  Organic  Adds ; 
and  that  the  sum  of  £60  be  placed  at  their  disposal  for  the  purpose. 

That  Sir  Charles  Lyell,  Bart.,  Professor  Phillips,  Sir  John  Lubbock,  Bart., 
Mr.  John  Evans,  Mr.  Edward  Vivian,  Mr.  William  Pengelly,  and  Mr.  George 
Busk  be  a  Committee  for  the  purpose  of  continuing  the  exploration  of  Kent's 
Cavern,  Torquay ;  that  Mr.  Pengelly  be  the  Secretary,  and  that  the  sum  of 
£150  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  W.  S.  Mitchell,  Mr.  Bobert  Etheridge,  Professor  J.  Morris,  and 
Mr.  G.  Maw  be  a  Committee  for  the  purpose  of  investigating  the  Leaf-beds  of 
the  Lower  Bagshot  Series  of  the  Hampdiire  Basin ;  that  li&.  Mitchell  be  the 
Secretary,  and  that  the  sum  of  £50  be  placed  at  their  disposal  for  the  pur- 
pose. 

That  Dr.  P.  M.  Duncan  and  Mr.  Henry  Woodward  be  requested  to  Eeport 
on  the  British  Fossil  Corals ;  and  that  the  sum  of  £50  be  placed  at  tiieir 
disposal  for  the  purpose. 

That  Mr.  C.  Moore,  the  Bev.  L.  Jenyns,  and  the  Bev.  H.  H.  Winwood  be 
a  Committee  for  the  purpose  of  investigating  the  veins  containing  Organic 
Bemains  which  occur  in  the  Mountain  Limestone  of  the  Mendips  and  else- 
where ;  that  Mr.  Moore  be  the  Secretary ;  that  the  sum  of  £40  be  placed  at 
their  disposal  for  the  purpose,  and  that  the  objects  of  interest  found  shall  be 
disposed  in  a  manner  satisfactory  to  the  Council  of  the  Association. 

Dr.  Bryce,  Sir  W.  Thomson,  Mr.  D.  Milne-Home,  and  Mr.  Macfarlane  be 
requested  to  resume  the  researches  on  Scottish  Earthquakes;  that  Dr.  Bryce 
be  the  Secretary,  and  that  the  sum  of  £35  be  placed  at  their  disposal  for  the 
purpose. 

That  Mr.  Henry  Woodward,  Professor  Phillips,  and  Mr.  C.  Spence  Bate 
be  a  Committee  for  the  purpose  of  continuing  their  investigations  on  the  Fossil 
Crustacea ;  and  that  the  sum  of  £25  be  placed  at  their  disposal  for  the 
purpose. 

That  Professor  Phillips,  Professor  Huxley,  and  Mr.  H.  G.  Seeley  be  a 
Committee  for  the  purpose  of  drawing  up  a  Beport  on  the  present  state  of 
our  knowledge  of  Secondary  Beptiles,  Pterodactyles,  and  Birds;  and  that 
the  sum  of  £50  be  placed  at  their  disposal  for  the  purpose. 
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That  Mr.  Gwyn  Jeffireys,  Mr.  E.  M^Andrew,  the  Rev.  A.  Merle  Nonnan,  Mr. 
E.  Walker,  Dr.  W.  G.  Mcintosh,  and  Mr.  E.  Kay  Lankeeter  be  a  Committee 
for  the  pforpose  of  continuixig  the  inyestigation  of  the  British  Marine  Inverte- 
brate Fauna  by  means  of  the  dredge ;  that  Mr.  Gwyn  Jeffireys  be  the  Secre- 
tary, and  tiiat  the  sum  of  .ClOO  be  placed  at  their  disposal  for  the  purpose. 

that  Sir  John  Lubbock,  Bart.,  Mr.  H.  T.  Stainton,  and  the  Rev.  H.  B, 
Tristram  be  a  Committee  for  the  purpose  of  preparing  a  record  of  the  pro- 
gress of  Zoology  in  the  year  1867 ;  that  Sir  John  Lubbock  be  the  Secretary, 
and  that  the  sum  of  <£100  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  C.  Spence  Bate,  Mr.  Couch,  Sir  John  Lubbock,  Bart.,  Mr.  Gwyn 
Jefireys,  and  Mr.  Cornish  be  a  Committee  for  the  purpose  of  exploring  the 
Fauna  of  the  south  coast  of  Devon  and  Cornwall ;  that  Mr.  C.  Spence  Bate 
be  the  Secretary^  and  that  the  sum  of  £30  be  placed  at  their  disposal  for 
the  purpose. 

Iliat  Mr.  G.  Busk  and  Mr.  W.  Carruthers  be  a  Committee  for  the  purpose 
of  carrying  on  investigations  on  Fossil  Flora ;  that  Mr.  Carruthers  be  the 
Secretary,  and  that  the  sum  of  £25  be  placed  at  their  disposal  for  the  pur- 
pose. 

That  Mr.  E.  Bay  Lankester,  Mr.  Charles  Stewart,  and  Dr.  Arthur  Oamgee 
be  a  Committee  for  the  purpose  of  investigating  Animal  Substances  with  the 
Bpectroecope ;  that  Mr.  £.  Eay  Lankester  be  the  Secretary^  and  that  the  sum 
of  £15  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  Bennett,  Dr.  Chiistison,  Dr.  Rogers,  Dr.  Arthur  Oamgee,  Dr.  W. 
Rutherford,  and  Dr.  Frazer  be  a  Committee  for  the  purpose  of  oaxrying  on 
investigations  to  determine  the  action  of  Mercury  on  the  Secretion  of  Bile ; 
that  Dr.  Bennett  be  the  Secretary,  and  that  the  sum  of  £25  be  placed  at  their 
disposal  for  the  purpose. 

That  Dr.  B.  W.  Richardson,  Professor  Humphry,  and  Dr.  Bharpey  be  a 
Committee  for  the  purpose  of  continuing  the  investigations  on  the  physiolo* 
gical  action  of  the  Methyl  Series  and  allied  organic  compounds;  and  that 
the  sum  of  £25  be  placed  at  their  disposal  for  the  purpose. 

That  Sir  R.  L  Murchison,  Bart.,  Dr.  J.  D.  Hooker,  Captain  Sherard 
Osbom,  and  Mr.  C.  R.  Markham  be  a  Committee  for  the  purpose  of  pro- 
moting the  exploration  of  the  interior  of  Greenland,  now  in  prosecution  by 
Mr.  Edward  "Whymper ;  that  Mr.  C.  R.  Markham  be  the  Secretary,  and  that 
the  sum  of  ^100  be  placed  at  their  disposal  for  the  purpose. 

That  the  Metric  Committee  be  reappointed  for  the  purpose  of  diffudng 
knowledge  of  the  relations  amongst  systems  of  Moneys,  Weights,  and  Mea- 
sures, such  Committee  to  consist  of  Sir  John  Bowring,  The  Right  Hon,  C.  B* 
Adderley,  M.P.,  Mr.  Samuel  Brown,  Mr.  W.  Ewart,  M.P.,  Capel  H.  Berger, 
Dr.  Farr,  Mr.  Frank  P.  Fellows,  Professor  Frankland,  Professor  Hennessy, 
Mr.  James  Heywood,  Sir  Robert  Kane,  Professor  Leone  Levi,  Professor  W.  A. 
Miller,  Professor  Rankine,  Mr.  C.  W.  Siemens,  Colonel  Sykes,  M.P.,  Professor 
A.  W.  Williamson,  Lord  Wrottesley,  Mr.  James  Yates,  Dr.  George  Glover, 
Mr.  Joseph  Whitworth,  Mr.  J.  R.  Napier,  Mr.  H.  Dircks,  Mr.  J.  V.  N. 
Bazalgette,  Mr.  W.  Smith,  Mr.  W.  Fairbaim,  and  Mr.  John  Robinson ;  that 
Profeeeor  Leone  Levi  be  the  Secretary,  and  that  the  sum  of  ^0  be  placed 
at  their  disposal  for  the  purpose. 

That  the  Coromitteo,  consisting  of  Mr.  J.  Scott  Russell,  Mr.  T.  Hawksley, 
Mr.  J.  R.  Napier,  Mr.  William  Fairbaim,  and  Professor  W.  J.  M.  Rankine, 
to  analyze  and  condense  tho  information  contained  in  the  Reports  of  the 
"  Steam-ship  Performance  "  Committee  and  other  sources  of  information  on 
the  same  subject,  with  power  to  employ  paid  calculators  or  assistants,  if  ne- 
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oessary,  be  reappointed ;  and  that  the  sum  of  £100  be  placed  at  their  dis- 
posal for  the  purpose. 

That  the  Committee,  consisting  of  Mr.  W.  Fairbaim  and  Mr.  Tait^  for  con- 
tinuing experiments  with  a  view  to  test  the  improTements  in  the  manufac- 
ture of  Iron  and  Steel,  be  reappointed ;  and  that  the  sum  of  j£100  be  placed 
^t  their  disposal  for  the  purpose. 

Applications  for  Reports  and  Researches  not  involving  Grants 

of  Money. 

That  the  Committee  on  Electrical  Standards,  consisting  of  Professor 
Williamson,  Professor  Wheatstone,  Professor  Sir  W.  Thomson,  Professor  W. 
A.  Miller,  Dr.  A.  Matthiessen,  Mr.  Flceming  Jenkin,  Sir  Charles  Bright, 
Mr.  J.  Clerk  Maxwell,  Mr.  C.  W.  Siemens,  Mr.  Balfour  Stewart,  Dr.  Joule,  Mr. 
C.  P.  Varley,  Mr.  G.  C.  Poster,  and  Mr.  C.  Hockin,  be  reappointed ;  and 
that  Mr.  Pleeming  Jenkin  be  the  Secretary. 

That  Professor  Stokes  be  requested  to  continue  his  Eesearches  on  Physical 
Optics. 

That  Mr.  E.  J.  Lowe,  Mr.  Glaisher,  Dr.  Moifat,  Mr.  C.  Brooke,  Dr.  Andrews, 
and  Dr.  B.  Ward  Eichardson  be  a  Committee  for  the  purpose  of  promoting 
accurate  Meteorological  Observations  of  Ozone ;  and  that  Mr.  Lowe  be  the 
Secretary. 

.  That  Dr.  Tyndall,  Dr.  Lyon  Playfair,  Dr.  Odling,  B^v.  C.  Pritchard,  Pro- 
fessor Kelland,  Professor  W.  A.  MiUcr,  and  Professor  Foster  be  a  Committee 
for  the  purpose  of  inquiring  into  the  present  methods  of  teaching  the  elements 
of  Dynamics,  Experimentol  Physics,  and  Chemistry  in  schools  of  various 
classes,  and  of  suggesting  the  best  means  of  promoting  this  object  in  accord* 
ance  with  the  Becommendations  of  the  Eeport  of  the  Committee  appointed 
by  the  Council ;  and  that  Professor  Foster  and  Dr.  Odling  be  the  Secretaries. 

That  Dr.  Matthiessen  be  requested  to  continue  his  researches  on  the 
Chemical  Constitution  of  Cast  Iron. 

That  Mr.  Thomas  Fairley  be  requested  to  continue  his  researches  on 
Polycyanides  of  the  Organic  Eadicals. 

That  the  Committee  on  Scientific  Evidence  in  Courts  of  Law,  consisting  of 
the  Bev,  W.  V.  Harcourt,  Professor  Williamson,  The  Bight.  Hon.  J.  Napier, 
Mr.  W.  Tite,  Professor  Christison,  Dr.  Tyndall,  Mr.  James  Heywood,  Mr. 
J,  F.  Bateman,  Mr.  Thomas  Webster,  Sir  Benjamin  Brodie,  Bart.,  and  Pro- 
fessor W.  A.  Miller  (with  power  to  add  to  their  number),  be  reappointed ; 
and  that  Professor  Williamson  be  the  Secretary. 

That  the  Patent  Law  Committee  be  reappointed,  such  Committee  to  con- 
sist  of  Mr.  Thomas  Webster,  Q.C.,  Sir  W.  G.  Armstrong,  Mr.  J.  F.  Bateman, 
Mr.  W.  Fairbaim,  Mr,  John  Hawkshaw,  Mr,  J.  Scott  Bussell,  Mr.  H.  Dircks, 
Mr,  J.  V.  N.  Bazalgette,  Professor  Rankine,  and  Mr.  P.  Le  Neve  Foster, 
with  power  to  add  to  their  number. 

That  a  Committee,  consisting  of  the  Duke  of  Buccleuch,  the  Rev.  Patrick 
Bell,  Mr.  David  Greig,  Mr.  J.  Oldham,  Professor  Rankine,  Mr.  William  Smith, 
Mr.  Harold  Littledsde,  The  Earl  of  Caithness,  and  Mr.  Robert  Ncilsou,  bo 
appointed  to  prepare  a  Report  on  Agricultural  Macliinery ;  and  that  Messrs. 
J.  P.  Smith  and  P.  Le  Neve  Foster  be  the  Secretaries. 

That  a  Committee,  consisting  of  Admiral  Sir  Edward  Belcher,  Mr.  J, 
Oldliam,  Mr.  J.  R.  Napier,  Mr.  George  Fawcus,  Mr.  William  Smith,  and  Mr. 
J,  Sissons,  be  appointed  to  Report  on  the  Regulations  affecting  the  safety  of 
Merchant  Ships  and  their  Passengers. 


RECOMMENDATIONS  OV  THE  GENERAL  COMMITTEE.  IxV 

Involving  Application  to  Government, 

That  the  President  of  the  Association  be  requested  to  communicate  the 
Eeport  of  the  Committee  appointed  by  the  Council  to  consider  the  best  means 
for  promoting  Scientific  Education  in  Schools,  to  the  President  of  the  Privy 
Council  and  to  the  Parliamentary  Committee  on  the  part  of  the  Association ; 
and  that  the  General  Officers  be  authorized  to  take  steps  to  give  publicity  to 
theBeport. 

That  Sir  Bartle  Frere,  Sir  Arthur  Phayre,  Colonel  R.  Strachey,  Colonel 
Tide,  Sir  Proby  Cautley,  Mr,  W.  Spottiswoode,  Dr.  J.  D.  Hooker,  and  Sir 
John  Lubbock  be  a  Committee  for  the  purpose  of  representing  to  the  Secre- 
taiy  of  State  for  India  the  great  and  urgent  importance  of  adopting  active 
measures  to  ohtain  reports  on  the  physical  form,  manners,  customs,  &c.  of 
the  indigenous  population  of  India,  and  especially  of  those  tribes  which  are 
Btill  in  the  habit  of  erecting  Megalithic  monuments ;  and  that  Dr.  J.  D. 
Hooker  be  the  Secretary. 

That  General  Sir  Andrew  S.  "Waugh,  Sir  Arthur  Phayre,  General  G, 
Balfour,  General  Sir  Vincent  Eyre,  Captain  Sherard  Osbom,  Mr.  Geoige 
Campbell,  and  Dr.  Thomas  Thomson  be  a  Committee  for  the  purpose  of 
waiting  on  the  Secretary  of  State  for  India  to  represent  the  desirability  of 
an  exploration  being  made  of  the  district  between  the  Burhampooter,  the 
Upper  Irrawaddy,  and  the  Yang-tze-Kiang,  with  a  view  to  a  route  being 
ei^blished  between  the  navigable  parts  of  these  rivers;  and  that  Dr. 
Thomas  Thomson  be  the  Secretary. 

That  Sir  Eoderick  Murchison,  Bart.,  Admiral  Erasmus  Ommanney,  Ad- 
miral Collinson,  Admiral  Sir  E.  Belcher,  Captain  Sherard  Osbom,  Captain 
Allen  Young,  and  Mr.  C.  E.  Markham  be  a  Committee  for  the  purpose  of 
representing  to  Her  Majesty's  Government  the  desirability  of  their  under- 
taking an  exploration  of  the  area  around  the  North  Pole ;  and  that  Mr.  C. 
E.  Markham  be  the  Secretary. 

Ccfnmmnications  to  be  printed  in  extcnso  in  the  Annual  Report  of 

the  Association, 

That  Mr.  C.  Meldrum's  paper,  "  On  the  Meteorology  of  the  Mauritius,"  be 
printed  in  eoctenso  among  the  Eeports. 

That  Mr.  I.  Lowthian  Bell's  paper,  "  On  the  present  state  of  the  Manu- 
&cture  of  Iron  in  Britain,  and  its  position  as  compared  with  that  of  some 
other  countries,"  be  printed  in  full  in  tho  Beport  of  the  Association. 

That  Mr,  Mitchell's  paper,  "  On  the  Highland  Railways,"  be  printed  at 
length  amongst  the  Reports. 


Bcsolved  that  Resolutions : — 

(1)  Relating  to  the  continuation  of  Storm  Signals, 

(2)  The  introduction  of  the  knowledge  of  the  Metric  System  into  Govern- 

ment Schools, 

(3)  IS'atural-History  Collections  in  the  British  Museum, 

(4)  The  pollution  of  rivers,  and  the  preservation  of  Salpion  Fisheries, 

be  referred  to  the  Council  of  the  Assodation. 
1867.  .     « 
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Synopsis  of  Grants  of  Money  appropriated  to  Scientific  Purposes  by 
the  General  Committee  at  the  Dundee  Meeting  in  September  1867- 
The  names  of  the  Members  who  would  be  entitled  to  call  on  the 
General  Treasurer  for  the  respective  Grants  are  prefixed. 

Kew  Observatory, 

Mamtaioing  the  Eatabliahmeut  of  Kew  Observatory 600     0     0 

Mathematics  aiid  Physics. 

♦Glaisher,  Mr. — Lunar  Committee    120  0  0 

Jonle,  Dr. — Remeasuroment  of  the  Dynamical  Equivalent  of 

Heat 50  0  0 

♦Glaisher,  Mr.— British  Rainfall 60  0  0 

♦Sykes,  Colonel. — Balloon  Committee  (renewed) 50  0  0 

Oiomson,  Professor  Sir  W.— Tidal  Observations    100  0  0 

Thomson,  Professor  Sir  "W. — Underground  Temperature  ....  50  0  0 

♦Glaisher,  Mr. — Luminous  Meteors 60  0  0 

Chemistry. 

♦Anderson,  Dr. — ^Synthesis  of  Oiganic  Adds   60    0     0 

Oeology. 

♦Lyell,  Sir  C,  Bart. — Kent's  Cavern  Investigation 150    0  0 

Mitchell,  Mr.  W.  S. — Leaf-beds  of  the  Lower  Bagshot  series . .  60     0  0 

Duncan,  Dr.  P.  M.— British  Fossil  Corals 60     0  0 

Moore,  Mr.  C. — Veins   containing  Organic  Remains  in  the 

Mountain  Limestone 400  0 

Bryce,  Dr. — Scottish  Earthquakes 35  '  0  0 

♦Woodward,  Mr.  H. — Fossil  Crustacea  (renewed) 2^    0  0 

♦Phillips,  Professor. — Secondary  Reptiles,  Pterodactyles,  and 

Birds 60    0  0 

Biology, 

Jeflfreys,  Mr.  J.  Gwyn. — British  Marine  Invertebrate  Fauna. .  100  0  0 

lAibbock,  Sir  J.,  Bart. — ^The  Record  of  the  Progress  of  Zoology  100  0  0 
Bate,  Mr.  C.  Spence. — Fauna  of  the  South  Coast  of  Devon 

and  Cornwall 30  0  0 

Busk,  Mr.  G.— Fossil  Flora 25  0  0 

Lankester,  Mr.  E.  Ray. — Investigation  of  Animal  Substances 

with  the  Spectroscope    15  0  0 

Bennett,  Dr. — Action  of  Mercury  on  the  Secretion  of  Bile    . .  25  0  0 

♦Richardson,  Dr. — Physiological  Action  of  the  Methyl  Series . .  25  0  0 

Geography  and  Ethnology, 
Murchison,  Sir  R.  I.,  Bart. — Greenland  Exploration 100     0     0 

Statistics  and  Economic  Science. 
♦Bowring,  Sir  J. — Metrical  Committee , .       60     0     0 

Mechanics, 

♦RoBseil,  Mr.  J.  Bcott-^Analysis  of  Report«  on  Steam-flhip 

Performance   100     0     0 

♦Fairbaim,  Mr.  W.— Manufacture  of  Iron  and  Steel 100     0     0 

Total   2200     0     0 

*  Beappointed. 
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General  Statement  of  Sums  which  have  been  paid  on  Account  of  Grants 

far  Scientific  Purposes. 


fide  Umunoas 


1834. 


£    9.   d, 

SO    0    0 


1835. 

ride  Ducnssions    62  0  0 

British  Fossil  Ichthyology    105  0  0 

£167  0  0 


1837. 

Tide  Ducassioiu  284     1 

Chemtcal  ConstanU  24  13 

Lunar  Natation 70     0 

Obserratiinu  on  Waves 100  12 

Tides  at  Bristol 150     0 

Meteorology  and    Subterranean 

Temperature 89 

Mtrification  Experiments 150 

Heart  Experiments   8 

Barometric  Observations  30 

Baroffitters    11   18 


1838. 

Tide  DiseuBsions    29  0 

British  Fual  Fishes     100  0 

Meteorological  Observations  and 

Anemometer  (construction)  ...  100  0 

Cast  Iron  (Strength  oO     60  0 

Animal  and  Vegetable  Substances 

(Preservation  of) 19  ^  1 

Hulway  ConstanU    41- 12 

Bristol  Tides 50  0 

Growth  of  PlanU  75  0 

Mnd  in  Rivers  3  6 

Edocation  CMnmittee   ••  50  0 

Heart  Expevimcntf  ...«• 5  3 

Uad  and  Se«  Level 267  8 

Sobtenanean  Temperature  8  6 

Steam-vessels 100  0 

MeteopologMal  Cominittee    31  9 

Tbennometert  16  4 


1836. 

Tide  Discussions  163  0  0 

British  Fossil  Ichthyology    105  0  0 

ThennooMtric  Observations,  &c.    50  0  0 
ExpefioBents  on  long-continued 

Heat 17  1  0 

Baia-Gaoges 9  13  0 

Be&action  EzperimenU    15  0  0 

Lour  Natation 60  0  0 

Thermometeis  15  6  0 


£434  14     0 


0 
6 
0 
0 
0 

0 
0 
6 
0 
6 


£918  14     6 


0 
0 

0 
0 

10 
10 
0 
0 
6 
0 
0 
7 
0 
0 
5 
0 


£956  12     2 


1839. 

Fottillehthyology 110  0  0 

Meteorological    Observations    at 

Pljmouih  63  10  0 

Mechanism  of  Waves    144  2  0 

Bristol  Tides ,  35  18  6 


£  9.  d. 

Meteorology  and    Subterranean 

Temperature 21  11  0 

Vitrification  Experiments 9  4  7 

Cast  Iron  Experiments..... 100  0  0 

Railway  Constants    28  7  8 

Land  and  Sea  Level 274  1  i 

Steam-vessels'  Engines 100  0  0 

Slars  in  Hiatoire  Celeste  331  18  6 

Stars  in  Lacaille    11  0  0 

Stars  in  R. A. S.  Catalogue 6  16  6 

Animal  Secretions ••  10  10  0 

Steam-engines  in  Cornwall 50  0  0 

Atmospheric  Air 16  1  0 

Cast  and  Wrought  Iron 40  0  0 

Heat  on  Organic  Bodies 3  0  0 

Gases  on  Solar  Spectrum 22  0  0 

Hourly  Meteorological  Observa- 
tions, Inverness  and  Kingussie  49  7  8 

Fossil  Reptiles  118  2  9 

Mining  Statistics  50  0  0 


£1595  11     0 


1840. 

Bristol  Tide 100  0  0 

Subterranean  Temperature  13  13  6 

Heart  Experiments   18  19  0 

Lungs  Experiments 8  13  0 

Tide  Discussions    50  0  0 

Land  and  Sea  Level 6  11  1 

Stars  (Hlstoire  Celeste)    242  10  0 

Stars  (Lacaille) 4  15  0 

Stars  (Catalogue)  264  0  0 

Atmospheric  Air    , 15  15  0 

Water  on  Iron 10  0  0 

Heat  on  Organic  Bodies    7  0  0 

Meteorological  Observations 52  17  6 

Foreign  Scientific  Memoirs 112  1  6 

Working  Population 100  0  0 

School  Statistics 50  0  0 

Forms  of  Vessels  184  7  0 

Chemical  and  Electrical  Pheno- 
mena   40  0  0 

Meteorological  Observations    at 

Plymouth  80  0  0 

Magnetical  Observations  185  13  9 


£1546  16     4 


1841. 

Observations  on  Waves 30 

Meteorology  and    Subterranean 

Temperature 8 

Actinometers 10 


0     0 


Earthquake  Shocks  .... 

Acrid  Poisons 

Veins  and  Abeorbents   « 

Mud  in  Rivers 

Marine  Zoology ••• 

Skeleton  Maps 

Mountain  Barometers   , 
Stars  (Hlstoire  Celeste), 


17 
6 
3 
5 

15 

20 

6 

185 


8 
0 
7 
0 
0 
0 

12 
0 

18 
0 


0 
0 
0 
0 
0 
0 
8 
0 
6 
0 
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£    t.  d. 

Stars  (Lacaille) 79     5  0 

Stars  (Nomenclature  oO    17  19  6 

Stars  (Catalogue  of) 40     0  0 

Water  on  Iron  50     0  0 

Meteorological    Observations    at 

Inverness    ...; 20    0  0 

Meteorological  Observations  (re- 
duction of)    25     0  0 

Fossil  Reptiles  50     0  0 

Foreign  Memoirs  62    0  0 

Railway  Sections  38     1  6 

Forms  of  Vessels   193  12  0 

Meteorological    Observations    at 

Plymouth  55     0  0 

Magneiical  Observations  61    18  8 

Fishes  of  the  Old  Red  Sandstone  100     0  0 

Tides  at  Leith    50     0  0 

Anemometer  at  Edinburgh  69     1  10 

Tabulating  Observations   9     6  3 

Races  of  Men    5     0  0 

Radiate  Animals    2     0  0 

£l_235  \0  n 

1842. 

Dynamometric  Instruments 113  11  2 

Anoplura  Britanniae 52  12  0 

Tides  at  Bristol 59     8  0 

Gases  on  Light 30  14  7 

Chronometers    26  17  6 

Marine  Zoology 15  0 

British  Fossil  Mammalia  100     0  0 

Statistics  of  Education  20     0  0 

Marine  Steam-vessels'  Engines...     28     0  0 

Stars  (Histoire  Celeste) 59    0  0 

Stars  (Brit.  Assoc.  Cat.  of )  110     0  0 

Railway  Sections   161    10  0 

British  Belemnltes 50     0  0 

Fossil   Reptiles    (publication    of 

Report) 210     0  0 

Forms  of  Vessels  180     0  0 

Galvanic  Experiments  on  Rocks      5     8  6 
Meteorological    Experiments    at 

Plymouth  68     0  0 

Constant  Indicator  and  Dynamo- 
metric  Instruments   90     0  0 

Force  of  Wind  10     0  0 

Light  on  Growth  of  Seeds    8     0  0 

Vital  Statistics  50     0  0 

Vegetative  Power  of  Seeds  8     1   11 

Questions  on  Human  Race  7    9  0 

i51449  17  8 


1843. 

Revision  of  the  Nomenclature  of 

Stars 2     0     0 

Reduction  of  Stars,  British  Asso- 
ciation Catalogue  25    0    0 

Anomalous  Tides,  Frith  of  Forth  120     0     0 

Hourly  Meteorological  Observa- 
tions at  Kingussie  and  Inverness     77  12     8 

Meteorological    Observations    at 

Plymouth  55     0     0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth  ,.     10 


0    0 


£ 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth     20 
Reduction  of  Meteorological  Ob- 
servations      30 

Meteorological  Instruments  and 

Gratuities 89 

Construction  of  Anemometer  at 

Inverness 56 

Magnetic  Cooperation  10 

Meteorological  Recorder  for  Kew 

Observatory   50 

Action  of  Gases  on  Light 18 

Establishment  at  Kew  Observa- 
tory, Wages,  Repairs,  Furni- 
ture and  Sundries 133 

Experiments  by  Captive  Balloons  8 1 
Oxidation  oflhe  Kails  of  Railways  20 
Publicalion  of  Report  on  Fossil 

Reptiles 40 

Coloured    Drawings   of  Railway 

Sections H7 

Registration       of      Earthquake 

Shocks   30 

Report  on  Zoological  Nomencla- 
ture          10 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4 

Vegetative  Power  of  Seeds    5 

Marine  Testacea  (Habits  of)    ...     10 

Marine  Zoology 10 

Marine  Zoology 2 

Preparation  of  Report  on  British 

Fossil  Mammalia  100 

Physiological  Operations  of  Me- 
dicinal Agents   20 

Vital  Statistics   36 

Additional  Experiments  on  the 

Forms  of  Vessels  70 

Additional  Experiments  on  the 

Forms  of  Vessels  100 

Reduction  of  Experiments  on  the 

Forms  of  Vessels   100 

Morin's  Instrument  and  Constant 

Indicator    69 

Experiments  on  the  Strength  of 
Materials 60 

X1565 

1844. 

Meteorolo^cal  Observations  at 
Kingussie  and  Inverness 12 

Completing  Observations  at  Ply- 
mouth      35 

Magnetic  and  Meteorological  Co- 
operation      25 

Publication  of  the  British  Asso- 
ciation Catalogue  of  Stars 35 

Observations  on  Tides  on  the 
East  coast  of  Scotland 100 

Revision  of  the  Nomenclature  of 
Stars  1842      2 

Maintaining  the  Establishment  in 
Kew  Observatory 117 

Instmmenta  for  Kew  Obsenral  oiy    5  6 


s. 

if. 

0 

0 

0 

0 

6 

0 

12 

8 

2 

10 

0 

16 

0 

1 

4 

8 
0 

7 
0 
0 

0 

0 

18 

3 

0 

0 

0 

0 

4 
3 
0 
0 
14 

6 
8 
0 
0 
11 

0 

0 

0 
5 

0 
8 

0 

0 

0 

0 

0 

0 

14 

10 

0 

0 

10     2 


8 


0 
0 
4 

0  0 
0  0 
9    6  I 


17 

7 


3 
X 
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£    «.   d. 

lafiaeiice  of  Light  on  Plants 10     0     0 

Subtemneoiu    Temperature     in 

Ireland  5     0     0 

Coloured   Drawings  of  Railway 

Sections 15  17     6 

lofestigation  of  Fossil  Fishes  of 

the  Lower  Tertiary  Strata  ...  100  0  0 
legtstering  the  Shocks  of  Earth- 

quakes    1842     23  11  10 

Structore  of  Fossil  Shells 20     0     0 

Rsdiau    and    MoUusca    of  the 

£gean  and  Red  Seas 1842  100     0     0 

Geographical     Distributions     of 

Marine  Zoology 1842       0  10     0 

Uarioe  Zoology  of  Devon  and 

ComwaU    10     0     0 

Marine  Zoology  of  Corfu 10     0     0 

Experiments  on  the  Vitality  of 

Seeds 9     0     3 

Experiments  on  the  Vitality  of 

Seeds 1842       8     7     3 

Exotic  Anoplura   15     0     0 

Strength  of  Materials    100     0     0 

Completing  Experiments  on  the 

Forms  of  Ships 100     0     0 

Inquiries  into  Asphyxia    10     0     0 

Investigations    on    the   Internal 

Constitution  of  Metals  50     0     0 

Constant  Indicator  and   Morin's 

Instrument    1842     10     3     6 

£981   12     8 

1845. 
Pablicadon  of  the  British  Associa- 
tion Catalogue  of  Stars 351  14  6 

Meteorological    Observations    at 

Inverness 30  18  11 

Magnetic  and  Meteorological  Co- 
operation      16  16  8 

Meteorological     Instruments    at 

Edinburgh 18  11  9 

Reduction  of  Anemometrical  Ob* 

lervations  at  Plymouth 25  0  0 

Electrical   Experiments  at  Kew 

Observatory  43  17  8 

Maintaining  the  EsUblishment  in 

Kew  Observatory  149  15  0 

For  Kreirs  Barometrograph 25  0  0 

Gsses  from  Iron  Furnaces    50  0  0 

The  Actinograph  15  0  0 

Microscopic  Structure  of  Shells...  20  0  0 

Exotic  Anoplura    1843  10  0  0 

VitaUty  of  Seeds 1843  2  0  7 

Vitality  of  Seeds 1844  7  0  0 

Marine  Zoology  of  Cornwall 10  0  0 

Physiological  Action  of  Medicines  20  0  0 
Statistics  of  Sickness  and  Mor- 

tolity  in  York    20  0  0 

Earthquake  Shocks 1843  15  14  8 

"^30  9  ~9 


1846. 
British  Association  Catalogue  of 
Surs  1844  211   15     0 


£ 

Fossil  Fishes  of  the  London  Clay  100 
Computation    of    the    Gaussian 

Constants  for  1839 50 

Maintaining  the  Establishment  at 

Kew  Observatory  146 

Strength  of  Materials 60 

Researches  in  Asphyxia 6 

Examination  of  Fossil  Shells 10 

Vitality  of  Seed 1844       2 

Vitality  of  Seeds    1845       7 

Marine  Zoology  of  Cornwall 10 

Marine  Zoology  of  Britain   ••....     10 

Exotic  Anoplura    1844     25 

Expenses  attending  Anemometers     1 1 

Anemometers'  Repairs 2 

Atmospheric  Waves  .,. 3 

Captive  Balloons  1844       8 

Varieties  of  the  Human  Race 

1844      7 
Statistics  of  Sickness  and  Mor- 
tality in  York    ._. 12^ 

JS685 


t. 

d. 

0 

0 

0 

0 

16 

7 

0 

0 

16 

2 

0 

0 

15 

10 

12 

3 

0 

0 

0 

0 

0 

0 

7 

6 

3 

6 

3 

3 

19 

3 

6 

3 

0 

0 

16     0 


1847. 
Computation    of    the    Gaussian 

ConstanU  for  1839    50 

Habits  of  Marine  Animals    10 

Physiological  Action  of  Medicines  20 

Marine  Zoology  of  Cornwall    ...  10 

Atmospheric  Waves 6 

Vitality  of  Seeds   4 

Maintaining  the  Establishment  at 

Kew  Observatory 107 

X208 


0 

0 

0 

0 

0 

0 

0 

0 

9 

3 

7 

7 

8     6 


5     4 


1848. 
Maintaining  the  Establishment  at 

Kew  Observatory 171  15  11 

Atmospheric  Waves 3  10  9 

Vitality  of  Seed 9  15  0 

Completion  of  Catalogues  of  Stars     70  0  0 

On  Colouring  Matters 5  0  0 

On  Growth  of  Plants ..,     15  0  0 

X275  1  8 


1849. 

Electrical  Observations  at  Kew 

Observatory 50     0     0 

Maintaining    Establishment     at 

ditto   76     2     5 

Vitality  of  Seeds    5     8     1 

On  Growth  of  Plants 5     0     0 

Registration  of  Periodical  Phe- 
nomena      10     0     0 

Bill  on  account  of  Anemometrical 
Observations  ••... 13     9     0 

i;i59   19     6 


1850. 
Maintaining  the  Establishment  at 

Kew  Observatory 255  18 

Transit  of  Earthquake  Waves  ...     50     0 


0 
0 
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Periodical  Phenomena  15 

Meteorological    Instrument, 

Aaores    *"     ^^ 


0 


0 


0     0 


£345  18     0 


309 
20 


1851. 
Maintaining  the  Establishment  at 
Kew  Observatory  (includes  part 

of grantin  1849)  

Theory  of  Heat ; 

Periodical  Phenomena  of  Animals 

and  Plants ^ 

Vitality  of  Seeds   ^ 

Influence  of  Solar  Radiation 30 

Ethnological  Inquiries 12 

Researches  on  Annelida   --> 1® 


:} 


ATS     0     0 


2 
1 

0 
6 
0 
0 
0 


2 
1 

0 
4 

0 
0 
0 


£   «. 
18«6. 
Maintaining  the  Establishment  at 
Kew  Observatory : — 

1854 £  75     0     0 

1855 £500    0    0 

Strickland's  Ornithological  Syno- 
nyms    100 

Dredging  and  Dredging  Forms...       9 

Chemical  AcUon  of  Light 20 

Strength  of  Iron  Plates 10 

Registration  of  Periodical  Pheno- 
mena  •*••     19 

Propagation  of  Salmon 10 


d. 


0 

13 

0 

0 

0 
0 


0 
9 
0 
0 

0 
0 


£734  13     9 


£391     9     7 


1852. 

Maintaining  the  Establishment  at 

Kew    Observatory    (including 

balance  of  grant  for  1850)    ... 

Experiments  on  the  Conduction 

of  Heat  5 

Influence  of  Solar  Radiations  ...     20 

Geological  Map  of  Ireland    15 

Researches  on  the  British  Anne- 
lida      10 

Vitality  of  Seeds    10 

Strength  of  Boiler  Plates ^^ 10 


233  17     8 


2 
0 
0 

0 
6 
0 


9 
0 
0 

0 
2 
0 


1853. 

Maintaining  the  Establishment  at 
Kew  Observatory 165 

Experiments  on  the  Influence  of 
Solar  Radiation 15 

Researches  on  the  British  Anne- 
lida      10 

Dredging  on  the  East  Coast  of 
Scotland 10 

Ethnological  Queries    ,** 5^ 


0 
0 


£304     6     7 


0     0 


0     0 


0     0 


1857. 

Maintaining  the  Establishment  at 

Kew  Observatory S50  0  0 

Earthquake  Wave  Experiments. .  40  0  0 

Dredging  near  Belfast  10  0  0 

Dredging  on  the  West  Coast  of 

Scotland 10  0  0 

Investigations  into  the  Molluaca 

of  California  10  0  0 

Experiments  on  Flax    A  0  0 

Natural  History  of  Madagascar. .  20  0  0 

Researches  on  British  Annelida  25  0  0 

Report  on  Natural  Products  im- 
ported into  Liverpool    10  0  0 

Artificial  Propagation  of  Salmon  10  0  0 

Temperature  of  Mines 7  8  0 

Thermometers  for  Subterranean 

Observations 5  7  4 

Life-Boats 5  0  0 


£507  15     4 


0 
0 


£205     0     0 


1854. 

Maintaining  the  Establishment  at 
Kew  Observatory  (including 
balance  of  former  grant)  330  15    4 

Investigations  on  Flax 11     0     0 

Effects      of     Temperature     on 

Wrought  Iron    10    0     0 

Registration  of  Periodical  Phe- 
nomena       10     0     0 

British  Annelida   10     0     0 

Vitality  of  Seeds   5     2     3 

Conduction  of  Heat 4    2     0 


1858. 
Maintaining  the  Establishment  at 

Kew  Observatory  500     0 

Earthquake  Wave  Experiments..    25     0 
Dredging  on  the  West  Coast  of 

ScoUand     10     0 

Dredging  near  Dublin 5     0 

Viulity  of  Seeds A     5 

Dredging  near  Belfiut 18  IS 

Report  on  the  British  Annelida. ••     25     0 
Experiments  on  the  production 

of  Heat  by  Motion  in  Fluids...     20     0    0 
Report  on  the  Natural  Products 

imported  into  Scotland 10     0    0 


0 

0 

0 
0 
0 
2 
0 


£618  18    2 


£380  19     7 


1855. 
Maintaining  the  Establishment  at 

Kew  Observatory 425  0  0 

Earthquake  Movements    10  0  0 

Physical  Aspect  of  the  Moon......  11  8  5 

Vitality  of  Seeds  10  7  11 

MapoftheWorid 15  0  0 

Ethnological  Queries    5  0  0 

Dredging  near  Belfast  .,,..., 4  0  0 


£480  16     4 


1859. 
Maintaining  the  Establishment  at 

Kew  Observatory 500  0 

Dredging  near  Dublin 15  0 

Osteology  of  Bird 50  0 

Irish  Tunicata  5  0 

Manure  Experiments    20  0 

British  Medusids 5  0 

Dredging  Committee 5  0 

Steam-vessels' Performance 5  0 

Marine  Fauna  of  South  and  West 

oflreland  10  0 

Photographic  Chemistry  10  0 

Lanarkshire  Fossils 20  0 

Balloon  Ascents... .....m. 39  11 


£684  11 


0 
0 
0 
0 
0 

0 

u 

0 

0 
0 

1 
1 


OIKBBAL  STATEMENT. 


1860.  £     ».  d» 

MaiatiiBiiig  the    Establishmeiit 
ofKew  Oteervatory 600    0    0 

Dredfiing  nemr  Belfast. ..•« 16    6     0 

Dredging  in  Dablin  Bay 15     0     0 

loqidry  into  the  Peribnnaiice  of 
Stmn-Teuela.  ••«•••• 

Explorations  in  the  YcUow  Sand- 
stone of  Dura  Den 

Gicmioo-mechamcal  Analysis  of 
Rocks  and  Minerals 

Snearches    on    the  Growth   of 
Flsnts 

Besarcbet  on  the  Solubility  of 
Salu 

Researches  on  the  GonstitaeBts 
of  Manures •••••...... 

Bslance  of  Captive  Balloon  Ac- 
counts.,. ••.••.••• 1  13     6 

iS1241     7     0 


24 

0 

0 

20 

0 

0 

25 

0 

0 

10 

0 

0 

30 

0 

0 

26 

0 

0 

1861. 
llsintsiniog    the   EstabUihroent 

of  Kew  Obserratory 500 

Earthquake  Experiments.  ••• 25 

Dredgjng  North  and  East  Coasts 

of  Scotland •  23 

Dredging  Committee :— 

1860 ^50     0     0\ 

1861 ^£22     0     0/ 

Sxcavationi  at  Dura  Den 20 

Solubility  of  SalU 20 

Steam-Tcssel  Per&rmance    160 

Fosrils  of  Lesmahago    • 15 

Explorations  at  Uriconium  ...«••  20 

Chemical  Altoya    20 

Clasaified  Index  to  the  Transac- 

tiona  100 

Dredging  in  the  Mersey  and  Dee  6 

Dip  Circle 30 

Pbotohcliographic  Obserrations  60 

PriKmDiet    20 

Gauging  of  Water 10 

Alpine  Ascents ••••• 6 

Coostitnents  of  Manures  ••.......  25 


0     0 
0     0 

0    0 


72     0    0 


0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
5 
0 


0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 

0 


£1111     5  10 


1862. 
Maintaining  the  Establishment 

of  Kew  Observatory 500  0 

Patent  Laws 21  6 

MoUusca  of  N.-W.  America 10  0 

Natural   History  by  Mercantile 

Marine  5  0 

Tidal  Observations 25  0 

Ph:>toheiiometer  at  Kew  40  0 

Photographic  Pictures  of  the  Sun  150  0 

Rocks  of  Donegal 25  0 

Dredging  Durham  and   North* 

umberland 25  0     0 

Connexion  of  Storms .- 20  0     0 

Dredging  North- East  Coast  of 

Scotland 6  9     6 

Rarages  of  Teredo    3  11     0 

Standards  of  Electrical  Resistance  50  0     0 

R»lwav  Accidents    10  0     0 


0 
0 
0 

0 
0 
0 
0 
0 


£  «.  d. 

Balloon  Committee  200  0  0 

Dredging  Dublin  Bay  10  0  0 

Dredging  the  Mersey    5  0  0 

Prison  Diet    20  0  0 

Gauging  of  Water 12  10  0 

Steamships' Performance. ........  160  0  0 

Tbermo-Electric  Currents    6  0  0 

J6i298  TiPo 

1863.  — — 
Maintaining  the  Establishment 

of  Kow  Observatory 600  0  0 

Balloon  Committee  deficiency...     70  0  0 

Balloon  Ascents  (other  expeniei)    25  0  0 

Entozot 25  0  0 

CoalFoMiU  20  0  0 

Herrings 20  0  0 

Granites  of  Donegal.. 5  0  0 

Prison  Diet. 20  0  0 

Vertical  Atmospheric  Movement!   13  0  0 

Dredging  Shetland 50  0  0 

Dredging   North-east    eoast  ol 

Scotland  25  0  0 

Dredging  Northnmberland  and 

Durham 17  8  10 

Dredging   Committee    snperin* 

tendence •..««••.     10  0  0 

Steamship  Performance  1 00  0  0 

Balloon  Committee 200  0  0 

Carbon  under  pressure 10  0  0 

Volcanic  TemperatuM.. 100  0  0 

Bromide  of  Ammoninm  6  0  0 

Electrical  Standards 100  0  0 

^~-  Construction  and  distrib«» 

tion   40  0  0 

Luminous  Meteors  17  0  0 

Kew  Additional   Buildings  for 

Photoheliograph  100  0  0 

Thermo-Electridty 16  0  0 

Analysis  of  Kocks 8  0  0 

Hydrolds  10  0  0 

£1608  8  10 

1864.  — *«. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Coal  Fossils  20  0  0 

Vertical   Atmospheric   Move- 
ments  ...•••...    20  0  0 

Dredging  Shetland  75  0  0 

Dredging  Northumberland 25  0  0 

Balloon  Committee 200  0  0 

Carbon  under  pressure 10  0  0 

Standards  of  Electric  Resistance  100  0  0 

Analysis  of  Rocks 10  0  0 

Hydroida  10  0  0 

Askham's  Giffc  50  0  0 

Nitrite  of  Amyle  10  0  0 

Nomenclature  Committee    5  0  0 

Rain-Gauges 19  15  8 

Cast  Iron  Investigation   20  0  0 

Tidal  Observations  in  the  Humber  50  0  0 

Spectral  Rays  45  0  0 

Luminous  Meteors 20  0  0 

£1289  15  8 
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1865.  £  «.  d. 
Maintaining  the  Establishment 

of  Kcw  Observatory 600  0  0 

Balloon  Committee 100  0  0 

Hydroida  13  0  0 

Rain-Gauges 30  0  0 

Tidal  Obsenraiions  in  the  Uumber     6  8  0 

Hexylic  Compounds 20  0  0 

Amyl  Compounds 20  0  0 

Irish  Flora    25  0  0 

American  Mollusca  3  9  0 

Organic  Acids  20  0  0 

Lingula  Flags  Excavation    10  0  0 

Eur3rpterus    50  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding  25  0  0 

Gibraltar  Caves  Researches     ...  150  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Observations  ...  35  0  0 

Marine  Fauna  25  0  0 

Dredging  Aberdeenshire 25  0  0 

Dredging  Channel  Islands  50  0  0 

Zoological  Nomenclature 5  0  0 

Resistance  of  Floating  Bodies  in 

Water   100  0  0 

Bath  Waters  Analysis 8  10  0 

Luminous  Meteors 40  0  0 

iS1591  7  10 


1866. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Lunar  Committee 64  13  4 

Balloon  Committee 50  0  0 

Metrical  Committee 50  0  0 

British  Rainfall.. 50  0  0 

Kilkenny  Coal  Fields    16  0  0 

Alum  Bay  Fossil  Leaf-Bed  15  0  0 

Luminous  Meteors 50  0  0 

Lingula  FUgs  Excavation    20  0  0 

Chemical  Constitution  of  Cast 

Iron  50  0  0 

Amyl  Compounds 25  0  0 

Electrical  Standards 100  0  0 

Malta^Caves  Exploration 30  0  0 


£  s.  d. 

Kent's  Hole  Exploration 200  0  0 

Marine  Fauna,  &c,  Devon  and 

CornwaU  25  0  0 

Dredging  Aberdeenshire  Coast...    25  0  0 

Dredging  Hebrides  Coast 50  0  0 

Dredging  the  Mersey  5  0  0 

Resistance  of  Floating  Bodies  in 

Water 50  0  0 

Polycyanides  of  Organic  Radi- 
cals        20  0  0 

Rigor  Mortis 10  0  0 

Irish  Annelida 15  0  0 

Catalogue  of  Crania 50  0  0 

Didine  Birds  of  Mascarene  Islands  50  0  0 

Typical  Crania  Researches  30  0  0 

Palestine  Exploration  Fund 100  0  0 

£1750  13  4 
1867.       =— »=» 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Meteorological  Instruments,  Pa- 
lestine       50  0  0 

Lunar  Committee 120  0  0 

Metrical  Committee 30  0  0 

Kent's  Hole  Explorations  100  0  0 

Palestine  Explorations 50  0  0 

Insect  Fauna,  Palestine    ...; 30  0  0 

British  RainfiOl 50  0  0 

Kilkenny  Coal  Fields   25  0  0 

Alum  Bay  FossU  Leaf-Bed 25  0  0 

Luminous  Meteors   50  0  0 

Bournemouth,  &c.  Leaf-Beds  ...    30  0  0 

Dredging,  ShetUnd 75  0  0 

Steam-ship  Reports  Condensa- 
tion     100  0  0 

Electrical  Standards 100  0  0 

Ethyle  and  Methyle  series  25  0  0 

Fossil  Crustacea    25  0  0 

Sound  under  Water 24  4  0 

North  Greenland  Fauna  75  0  0 

.  Do.              Plant  Beds  ...  100  0  0 

Iron  and  Steel  Manufacture    ...    25  0  0 

Patent  Laws 30    0  0 

XI 739    4  0 


Extracts  from  Resolutions  of  the  General  Committee. 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  pur- 
poses have  been  entrusted,  are  required  to  present  to  each  following  Meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made ;  with  a 
statement  of  the  sums  which  have  been  expended^  and  the  balance  which  re- 
mains disposable  on  each  grant. 

Grants  of  pecuniary  aid  for  scieutific  purposes  from  the  funds  of  the  Asso- 
ciation expire  at  the  ensuing  Meeting,  unless  it  shall  appear  by  a  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be 
ordered  by  the  General  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call  on 
the  Treasurer,  William  Spottiswoode,  Esq.,  60  Grosvenor  Place,  London,  S.W., 
for  such  portion  of  the  sum  granted  as  may  from  time  to  time  be  required. 


GENERAL  MEETINGS.  Ixxiu 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  membera. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continna- 
tion  of  Researches  at  the  cost  of  the  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 


General  Meetings^ 

On  Wednesday  Evening,  September  4,  at  8  p.m.,  in  the  Kinnaird  Hall, 
Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  r.R.S.,  Vice-President,  in  the  absence  of 
William  R.  Grove,  Esq.,  M.A.,  F.R.S.,  resigned  the  office  of  President  to 
His  Grace  the  Duke  of  Buccleuch,  K.G.,  F.R.S.,  who  took  the  Chair,  and 
deliTered  an  Address. 

On  Thursday  Evening,  September  5,  at  8  p.m.,  a  Soiree  took  place  in  the 
Volunteers'  Hall. 

On  Thursday  Evening,  September  5,  in  the  Kinnaird  Hall,  Prof.  Tyndall, 
LLD.,  F.R.S.,  delivered  a  Discourse  on  "  Matter  and  Force,"  to  the  Opera- 
tive Classes  of  Dundee. 

On  Friday  Evening,  September  6,  at  8.30  p.m.,  in  the  Kinnaird  Hall, 
Archibald  Geikie,  Esq.,  F.R.S. ,  F.G.S.,  delivered  a  Discourse  on  the  "  Geo- 
logical Origin  of  the  present  Scenery  of  Scotland." 

On  Monday  Evening,  September  9,  at  8.30  p.m.,  in  the  Kinnaird  Hall, 
Alexander  Herschel,  Esq.,  F.R.A.S.,  delivered  a  Discourse  on  "The  Present 
State  of  Knowledge  regarding  Meteors  and  Meteorites." 

On  Tuesday  Evening,  September  10,  at  8  p.m.,  a  Soir<?e  took  place  in 
the  Volunteers'  Hall. 

On  "Wednesday,  September  11,  at  3  p.m.,  the  concluding  General  Meeting 
took  place,  when  the  Proceedings  of  the  General  Committee,  and  the  Grants  of 
Money  for  Scientific  purposes,  were  explained  to  the  Members. 

The  Meeting  was  ttien  adjourned  to  Norwich*. 

^  The  Meeting  10  appointed  to  take  place  on  Wednesday,  August  10, 1868. 


Ebbaza  nr  Rkpobx  op  tss  Elecibioal  Stahdasd  Comkhuse  fob  1863. 


P.  140,  in  equation  %for  Jfi  read  k. 
F.  144,  line  19  firom  top,  for  B  read  Bj. 

P.  162, M  force  equal  to  ^^0^^^  absolute  unite,  or  Q<^Q^^  gramme  weighty  read 

force  equal  to  0'0002951x  00002951  ^^,^^  ^^^  ^^  00000(^053^^^  ^^^^^^ 

P.  167,  in  eqaati<»i  28,  0=         ,  omit  the  decimal  point  enoneoualj  put  before  4157 ; 

and  three  lines  lower,  for  24*861  and  4157  read  24861  and  4157. 
P.  158,  for  By  the  definition  of  electrochemical  equiyalente,  E=N  read  Q=N. 


REPORTS 


ON 


THE  STATE  OP  SCIENCE. 


THE    STATE    OF    SCIENCE. 


JiQwr^  o//A«  Lunar  Commtieefor  Mapping  the  Surface  of  the  Moan. 
Drawn  up  by  W.  B.  Bibt^  at  the  request  of  the  Committee,  consisting 
0/ James  Glaisheb,  F.R,S.,  Lord  Rosse,  F.R.S.,  Lord  Wrottesley^ 
F.R.S.,  Sir  J.  HerscheL^  Bart.,  F.R.S.,  Professor  Phillips^  F,R,S., 
Rev.  C.  P&iTCHARD^  F.R.S.,  W.  Huggins,  F.R.S.,  Warren  De  la 
Eue,  F.R.S.,  C.  Brooke,  F.R.S.,  Rev.  T.  W.  Webb,  RR.A.S., 
J.  N.  Loc&YBRy  FM,A.S.,  Herr  Schmidt,  anrf  W.  R.  Birt, 
FJLA.S. 

Tsx  Beport  now  presented  contains  an  account  of  the  proceedings  of  the 
Lonar  Committee  daring  the  past  Association  year.  These  proceedings  have 
reference  to  the  following  subjects : — First,  the  registration  of  craters  and 
other  visible  objects.  Secondly,  the  construction  of  an  outHne  map.  And 
thirdly,  an  examination  of  an  idleged  change  upon  the  surface  of  the  moon. 

The  BxoisTRAiioir  ov  Objects. — In  connexion  with  this  head  nothing  has 
transpored  during  the  past  year  to  render  necessary  any  addition  to  the  plan 
proposed  by  the  Committee  in  1865.  The  mode  of  registration  was  treated 
very  fully  in  the  Report  presented  at  Birmingham,  and  published  in  the 
volume  of  Reports  for  1865,  pp.  287^00. 

The  number  of  objects  now  registered  are  as  follows : — 

514  on  124  Areas  in  Quadrant  L 

349  „  86              „            „  II. 

205  „  67              „            „  III. 

557  „  62              „            „  IV. 


Total  1625  „         829  „  on  the  moon's  surface. 

Thb  Outline  Map. — ^During  the  past  year  the  Committee  authorized  the 

engraving  and  printing  of  Areas  lY  A*  and  lY^,  also  the  printing  of  the 
eatabgae  of  objects  inserted  on  those  areas,  and  the  distribution  of  copies  to 
gentlemen  taking  part  in  the  work.  As  the  printing  was  completed,  and 
the  issue  had  commenced  before  the  last  Report  had  gone  to  press,  it  was 
considered  advisable,  in  order  to  give  them  greater  circulation,  to  append 
these  areas  and  catalogue  to  that  Report.  They  form  Appendix  III.,  Report, 
1866,  pp.  239-280. 

The  Committee,  recognizing  the  great  importance  of  obtaining  periodimt 
tjeamiimit4m$  of  the  moon's  disk,  suggested  that  the  entire  surface  should  be 
dirided  into  subzones  of  1^  of  latitude  (Report,  1866,  p.  240),  and  allotted  to 

1867.  ^ 
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gentlemen  willing  to  cooperate  in  tlie  work.  The  two  areas  at  present 
issned  embrace  10  degrees  of  latitude,  and  the  allotment  has  been  bo  arranged 
that  each  pair  of  subzones  overlap  and  dovetail  into  the  adjoining  pairs. 
In  Appenduc  III.  to  the  last  Beport,  the  objects  in  each  pair  of  subzones  are 
specified  in  the  order  of  their  conspicuousness  (see  Eeport,  1866,  p.  241). 
The  following  subzones  have  been  allotted  as  under : — 

Area  IVA**.  inchea. 

No.  1.     G.  J.  Walker,  Esq.,  Teignmouth,  Devon.  Aperture    3|,  achr. 

„    2.    D.  Smith,  Esq.,  Birmingham.  „          3,  achr. . 

r  Mrs.  Jackson,  Old  Brompton.  „          3|,  achr. 

„    3.  •<  T.  Whitehouse,  Esq.,  West  Bromwich.  „  12|,  achr. 

[  J,  Leigh,  Esq.,  Warrington.  „          8|,  refl.   ^ 

„    4.     P.  Bird,  Esq.,  Birmingham.  „  12,  refl. 

J.  Graham,  Esq.,  Ashton-under-Lyne.  „          4|,  achr. 
Rev.  W.  0.  Williams,  Pwllheli,  North  Wales.     „         4^,  achr. 

Area  lYA  •  inchet. 

B«v.  W.  0.  WiUiams,  Pwllheli,  North  Wales.  Aperture    4  Jy,  achr. 
H.  Ingall,  Esq.,  Camberwell.  „         4-5,  dial. 

0.  Grover,  Esq.,  Chesham,  Bucks.  „  6^,    refl, 

F.  C.  Penrose,  Esq.,  Wimbledon.  „  6|,    achr. 

T.  Petty,  Esq.,  Deddington,  near  Oxford.  „  3,      achr. 

D.  Gill,  Esq.,  Aberdeen.  „       12,      refl. 

In  addition  to  the  above  named,  the  following  gentlemen  have  kindly 
offered  to  make  occasional  observations,  and  to  examine  particular  ob- 
jects : —  inches. 
J.  Buckingham,  Esq.,  Walworth.  Aperture  9  &  21|,  achr. 
J.  N.  Lockyer,  Esq.,  Finchley  Bead.  „  6,  achr* 
H.  Barnes,  Esq.,  Holloway.  „  10|,  refl. 

D.  A.  Freeman,  Esq.,  Upper  Tooting,  Surrey,  „  4|,  achr. 
W.  Huggins,  Esq.,  Upper  Tulso  HiU.  „  8,  achr. 
J.  Browning,  Esq.,  Holloway.  „  12,  refl. 

E.  Crossley,  Esq.,  Halifax.  „  9*3,  achr. 
D.  M.  Webster,  Esq.,  Dundee.  „  7,  achr. 
G.  Enott,  Esq.,  CucldBeld,  Sussex.  „  7^,  achr. 
Rev.  W.  R.  Dawes,  Haddenham.  „  8,  achr. 
Rev.  T.  W.  Webb,  Hardwick,  Herefordshire.  „  9|,  refl. 
H.  J.  Slack,  Esq.,  Camden  Square.  „  6|,  refl. 
T.  Bameby,  Esq.,  Worcester.  „  9,  achr. 
J.  Joynson,  Esq.,  Waterloo,  Liverpool.  ,,  6,  achr. 
G.  Williams,  Esq.,  Liverpool.  „  4|,  achr; 
Capt.  Noble,  Maresfield,  Sussex.  „  4-2,  achr. 
C.  L.  Prince,  Esq.,  Uckfield,  Sussex.  „  6-8,  achr. 
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refl. 


Rev.  J.  Simpson,  Dysart,  Fife.  „  \  / 

Several  returns  have  been  received,  but  they  are  not  yet  in  a  state  fit  for 
publication. 

It  has  been  proposed  that,  previous  to  publishing  any  returns  that  may 
be  made  to  the  Committee,  the  objects  reported  by  the  several  observers 
shall  be  re-examined  by  Mr.  Birt,  or  by  some  other  gentleman  on  beh«df  of  the 
Cpmmittee,  with  the  aid  of  a  telescope  of  superior  power.    The  annual  grant. 
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which  the  Committee  request  may  be  renewed,  is  not  available  for  supplying 
an  mstroment  suitable  for  this  purpose,  as  it  is  necessarily  expended  in 
cairying  on  the  work  of  mapping,  registration,  &c.  Nevertheless  the  Com* 
mittee  hope  that  aid  may  be  afforded  by  which  this  desirable  object  may  be 
attained,  as,  by  the  use  of  such  an  instrument,  an  authority  will  be  given  to 
the  work  of  a  kind  which  it  would  not  otherwise  possess. 

AiXEeED  Chasge  oh  the  Moov's  Sitbpacb. — On  the  27th  of  November 
l!>OG,  the  Committee  received  a  communication  from  Herr  Schmidt,  Di- 
rector of  the  Observatory  at  Athens,  announcing  that  a  remarkable  change 
bd  taken  place  in  the  crater  '^  Linn^."  The  importance  of  this  communi- 
eadon  was  at  once  apparent,  as  bearing  in  one  direction  on  an  interesting 
question  on  lunar  physics,  and  in  another  on  the  labours  of  the  Committee* 
Two  years  ago  the  Committee  urged  the  necessity  of  so  registering  an  object 
that  it  might  ever  after,  in  aU  time,  be  sufficiently  identified  by  aU  future 
olseireis  (Beport,  1865,  p.  294).  The  announcement  of  Schmidt  suggests  a 
modification ;  for  if  a  change  sufllciently  extensive  should  take  place  in  any 
(^ed,  the  condition  of  which  had  been  definitely  settled  by  more  than  one 
oWrrer,  it  might  be  difficult  to  identify  it  as  the  same  object,  but  the  value 
of  the  detennination  of  its  former  condition  would  be  increased,  bolii  deter- 
minations being  equally  good.  In  the  particular  case  of  ''  Linne,"  it  is  only 
in  the  latter  part  of  1866,  and  up  to  September  1867,  that  its  real  state  may 
be  regarded  as  settled  upon  the  testimony  of  numerous  observers,  whose 
observations  fairly  agree  among  themselves.  With  regard  to  its  former 
state  there  is  some  doubt,  in  consequence  of  real  or  supposed  inexactitude  in 
prerions  observations,  from  which  it  is  difficult  to  arrive  at  a  conclusion ; 
an  earlier  observation  agreeing  (in  the  opinion  of  most  astronomers)  with 
its  present  appearance,  while  others  of  a  later  date  are  irreconcileable  with 
it.  In  Uie  present  state  of  Selenography  a  record  of  its  real  condition  at  any 
paiticnlar  epoch  is  so  obviously  important  that  nearly  the  whole  of  the  obser- 
vations, boUi  early  and  recent,  that  have  come  into  the  possession  of  the 
Conunittee,  are  given  in  an  appendix ;  those  not  inserted  are  mere  repetitions 
of  similar  features. 

Heir  Tempel's  opinion  of  the  round  white  spots  on  the  moon's  surface 
(analogous  to  the  appearance  which  linn^  now  presents)  being  of  interest 
for  the  existence  of  a  chemically  warm  activity  (Astronomische  Nachrichten, 
No.  1655,  tiunslated  by  W.  T.  Lynn,  B.A.,  E.E.A.S.,  Astronomical  Eegister, 
No.  58,  p.  219),  demaid.  attentir  Thee;  Bpots,  which  are  very  nuX,u«: 
hare  usually  been  considered  as  ground-markings,  but  as  Liim^,  in  1788, 
and  in  1866-67,  presented  a  similar  appearance,  they  will  in  future  com^ 
i&and  more  attention. 

Dnring  the  past  year  the  Committee  have  issued  three  Circulars : — No.  I. 
announcing  the  change  in  linne ;  No.  II.  Tables  of  the  periods  of  visibility 
of  those  portions  of  the  surface  near  the  moon's  limb  periodically  concealed 
by  changes  of  libration  ;  and  No.  III.  a  risumi  of  the  results  of  observations 
of  Linn^  up  to  June  1867.-  A  portion  of  this  Circular,  with  additional  obser- 
vations, will  be  found  in  the  Appendix. 

APPENDIX. 

Link£. — Observations,  early  and  recent. 

linne  is  marked  A  in  Lohrmann's  Section  IV. 

1  (a).  Schroter's  observation,  1788.—"  Nov.  5,  4^  30"  to  8**  (Soleno- 
^P^^phificho  Fragmente^  vol.  i.  p.  181).    Die  scchste  Bergader  kommt  von 
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oiner  fast  diclit  an  den  siidlichen  Granzgebirgen  bcfindlichen,  verhaltlich 
gezeichnoten  Einsenkung  u,  streicht  nordlich  nach  v,  wo  selhst  sie  wieder  eine 
ohngefdhr  gleich  grosse,  aher  gcniz  Jlfxche,  als  e'ni  weisses,  sehr  Jcleinss  rundes 
FlecJcchen  erscheinende,  etwas  utigewisse  Euisenkung  in  sick  Aa^"J 

Translation, — The  sixth  ridge  comes  from  a  depression  u,  situated  almost 
close  upon  the  south  boundary  mountains,  passes  northwards  towards  v,  wlure 
it  again  has  within  it  a  somewhat  uncertain  depression  of  ahoxU  the  same  size, 
hut  quite  flat  and.  resembling  a  white,  very  small  round  spot, 

(6).  Schmidt's  Eeference  to  Schroter's  Observation. — "I.  Schroter, 
5.  Nov.  1788,  Abends,  beriLhrte  die  znnehmende  Phase  den  Ostrand  des 
Mare  Serenitatis,  so  dass  die  Berge  des  Caucasus  tmd  der  ndrdliche  Apennin 
flchon  erleuchtet  waren.  Schroter  beobachtete  diesmal  mit  95-maliger 
Vergrosserung  des  siebenfiissigen  Reflectors.  Seine  Abbildung  vom  5.  Nov, 
ist  Tab.  IX.,  Band  I.,  der  Selenotopographischen  Pragmente.  Der  kleine 
Crater  v  daselbst  entspricht  am  ndchsten  dem  Orte  des  linne,  keineswegs  aber 
y,  der  jetzt  noch  sichtbar  ist,  und  noch  weniger  der  dunkle  Fleck  </." 

Translation, — I.  ScHRt)TEE,  6  Nov.  1788,  in  the  evening,  at  the  increas- 
ing phase,  the  terminator  was  in  contact  with  the  eastern  boundary  of  the 
Mare  Sbrenitatis,  so  that  the  mountains  of  Caucasus  and  the  northern 
Apennine  were  already  illuminated.  Schroter  observed  this  time  with  a  power 
of  95  on  the  7-foot  reflector.  His  drawing  of  5  Nov.  is  in  Tab.  IX.  vol.  i. 
of  the  Selenotopographic  Fragments.  The  small  crater  v  in  it  corresponds 
^nearest  to  the  place  of  Linne,  y  (which  is  now  still  visible)  not  at  all  so,  and 
still  less  the  dark  spot  g. 

Note, — In  the  Monthly  Notices  R.  A.  S.,  vol.  xxvii.  p.  298,  Mr.  Huggins 
has  italicized  the  portion  of  Schroter's  observation  of  the  spot  t'.  In  Schmidt's 
reference  I  have  italicized  the  word  '<  n'achsten  "  (nearest).  Schmidt  does  not 
appear  to  have  identified  v  with  linne  (see  post,  p.  21). 

2.  Lohkmann's  Observation.— 1823,  May  28,  2^  12"  to  2»»'  15"  Morgens, 
'Wahre  Dresdner  Zeit  (Topographic  der  Sichtbaren  Mondoberflache,  p.  92): — 
**  A  ist  die  zweite  Grube  auf  dieser  Flache. . .  .neben  einer  von  Sulpicins 
Gallus  herkommenden  Bergader,  hat  einen  Durchmesser  der  etwas  mchr 
als  eine  Meile  betriigt,  ist  sehr  tief,  und  kann  in  jeder  Beleuchtung  gesehen 
•werden." 

Translation, — A  is  the  second  crater  upon  this  plain ....  near  a  ridge 
beginning  at  Sulpicius  Gallus,  it  has  a  diameter  of  somewhat  more  than  a 
mUe,  is  very  deep,  and  can  be  seen  under  every  illumination. 

Lohrhann's  Note  to  his  measure  of  A  (Topographic  der  Sichtbaren  Mond* 
oberflache,  p.  xv  of  Observations) : — "  Conon  kann  zur  Zeit  des  VoUmondes 
nicht  deutlich  gesehen  worden ;  dagcgen  zeigt  sich  A  immer  als  heller  Punkt 
im  grauen  Mare  Serenitatis." 

Translation, — Conon  cannot  be  seen  distinctly  at  the  time  of  the  full  moon, 
whilst  A  shows  itself  always  as  a  bright  point  in  the  grey  Mare  Serenitatis. 

3.  Beer  aitd  Madler's  Measures.— 1831,  Dec.  12  and'13.  Extract  fix)ni 
a  letter  of  Professor  Madler  in  English,  dated  1867^  June  6. 

«  The  crater  Linnd,  situated  in  27°  47'  13"  N.  lat.,  and  11°  32'  28"  W. 
long.,  has  a  diameter  of  1*4  geographical  miles  (6*4  English  miles).  In  full 
moon  the  edge  of  it  is  not  very  sharply  limited,  but  in  oblique  illumination 
it  is  very  distinct,  and  I  have  measured  it  seven  times  with  great  facility. 
The  light  of  the  edge  is  noted  permanently  6° ;  the  very  small  inner  space 
haJ3  nearly,  or  full  the  same  brightness  till  the  moment  when  shadows  begin."' 
4.  Schmidt. —  Ober  die  gegenwiirtige  Veriinderung  des  Mondcraters  "  Liiine/' 
Sitzungsberichte  der  K.  Akademie,  Wien,  Bd.  Iv.  Feb.  1867. 
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In  this  letter  to  Herr  Haidinger,  Herr  Schmidt  assigns  to  linne  a  diameter 
of  5700  toises,  or  36449  English  feet,  with  at  least  a  depth  of  170  toises,  or 
1087  English  feet. 

ScHOttDT^s  EARLY  OBSERYATTOKS,  which  included  nearly  1300  lunar  drawings. 

1S40,  **  Auf  einer  Generalcharte  des  Mondes,  von  12  Zoll  Durchmesser 
doe  ich  nach  eigenen  Beobachtungen  wahrscheinlich  Endc  1840  ausarbeitete, 
finde  ich  ^  linnc  *  als  Crater  angcgeben.  Lohrmann's  und  Madler's  Werke 
imrden  mix  erat  1843  in  Hambiu'g  zugiinglich." 

Trandation. — On  a  general  chart  of  the  moon,  diameter  12  inches,  which 
I  constmcted  from  my  own  observations  probably  about  the  end  of  1840, 1 
find  Linne  marked  as  a  crater.  The  works  of  Lohrmann  and  Madler  were 
not  accessible  to  me  until  the  year  1843  at  Hamburg. 

"  1841,  April  27.  Abends ;  zunehmende  Phase  im  Ostrando  des  Mare  Sere* 
nitatis.  In  Nr.  4  fehlt  linne,  aber  zwei  kleine.  Crater  im  Nordwesten  sind 
stark  ansgezeichnet." 

Translation. — 1841,  April  27,  evening.  The  morning  terminator  on  the 
eastern  boundary  of  the  Mare  Serenitatis.  In  No.  4  Lmne  is  wanting,  but 
two  small  craters  are  strongly  marked  on  the  north-west. 

''  1841,  Mai  28.  Abends ;  Phase  liber  Eratosthenes  und  Plato.  In  Nr.  11 
kt  linne  nicht  angegeben." 

Translation. — May  28,  evening.  The  terminator  on  Eratosthenes  and 
Plato.     In  No.  11  Ijnnc  is  not  marked. 

''  1841,  September  6.  Abends ;  abnchmende  Phase  Uber  Eudoxus  und  Me- 
nekus  (Nr.  36)  ;  linne  nicht  gezeichnet." 

2V«ms2aft(m.--September  6,  evening.  Evening  terminator  on  Eudoxus 
and  M^ielaus  (No.  36) ;  linne  not  marked. 

*'  1841,  December  2.  Morgens ;  abnehmende  Phase  Uber  Atlas  und 
Gutenberg.  In  Nr.  52  habe  ich  linne  in  grossem  Abstande  von  der  Iicht*> 
grenze  als  Crater  gezeichnet." 

Trandation. — ^December  2,  morning.  Evening  terminator  on  Atlas  and 
Gat^iberg.  In  No.  52  I  have  marked  Linne  as  a  crater  at  a  great  distance 
from  ^e  terminator. 

''1841,  December  2.  Abends;  abnehmende  Phase  liber  Isidorus  und 
Fracastor.     In  Nr.  53  ist  linne  verhaltlich  sehr  gross  als  Crater  angegeben.'^ 

Trandation. — December  2,  evening.  Evening  Terminator  on  Isidorus  and 
Fracastor.     In  No.  53  linne  is  given  proportionately  very  large  as  a  crater. 

'*  1841,  December  3.  Morgens ;  abnehmende  Phase  liber  Posidonius  und 
Picoolomini ;  Nr.  54  steUt  den  Linne  deutlich  als  Crater  dar." 

Translation. — December  3,  morning.  Evening  terminator  on  Posidonius 
and  Piccolomini ;  No.  54  represents  Linnd  distinctly  as  a  crater. 

"  1842,  Janner  3.  Morgens ;  abnehmende  Phase  uber  Eudoxus  und  Me- 
nelaus.     In  Nr.  63  ist  Linne,  hart  an  der  Phase,  nicht  verzeichnet." 

Trandation. — 1842,  Jan.  3,  morning.  Evening  tenninator  on  Eudoxus 
and  Menelaus.     In  No.  63  Linnd,  close  to  the  tenninator,  is  not  marked. 

"  1842,  Februar  16  und  17  (Nr.  74  und  76) ;  bei  zunehmcnder  Phase  ward 
Linnc,  der  lichtgrenzc  nahe,  nicht  gesehen." 

Translation, — ^Feb.  16  and  17.  Morning  terminator.  linn^  which  was 
near  the  light-boundary,  was  not  seen. 

"  1842,  Juli  14.  Abends ;  zunehmcndo  Phase  im  Ostrando  des  Mare 
Serenitatis.  Beobachtct  ward  zu  Hamburg  an  einem  guten  Eemrohre  von 
Banks.  Unter  88-maliger  Vergrosserung  ward  Linne  als  sehr  kleiner  Crater 
gezeichnef 

Trandatibth, — ^July  14,  evening.       Morning  terminator  on  the  eastern 
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border  of  the  Mare  Serenitatis.  Observed  Linne  at  Hamburg  with  a  good 
telescope  by  Banks.  With  power  88,  it  was  represented  as  a  very  small 
crater. 

<^  1843,  Mai  9.  Abends ;  zunehmende  Phase  schon  iiber  den  Copemicns 
hinaus.  Bei  vorzuglich  guter  Loft  zahlte  ich  am  znletzt-genannten  Femrohre 
22  Crater  im  Mare  Serenitatis,  daranter  in  Nr.  270  sicher  den  linn^." 

Trandation.-^'KeLY  9,  evening.  Morning  terminator  already  passed  over 
Copernicus.  The  air  being  particularly  favourable,  I  cotmted  wiih  the  last- 
mentioned  telescope  22  craters  in  the  Mare  Serenitatis,  and  amongst  them  in 
No.  270  is  certainly  included  linne. 

*'  1843,  August  17,  um  13  Uhr ;  am  grossen  Femrohre  der  Hamburger 
Stemwarte  beobachtet  bei  guter  Luffc.  Beide  Bergadem  von  Sulpicius  GalluB 
nach  Norden  ziehend,  an  der  abnehmenden  Phase,  gut  sichtbar,aber  vom  linae 
keine  Spur  (Nr.  326)." 

Translation. — August  17,  about  13  hours ;  observed  in  good  atmosphere 
with  the  great  telescope  of  the  Hamburg  Observatory.  The  two  mountain 
veins  running  northerly  from  Sulpicius  Gallus  were  well  visible  on  the  evening 
terminator,  but  of  linn^  no  trace. 

Kecent  Observations — Resttlts. 

1^.  An  ill-defined  white  spot,  not  unlike  a  cloud,  greater  in  extent  than  the 
erater  of  Lohrmann,  Beer  and  Madler,  and  Schmidt. 

2^.  A  large  shallow  crater  that  has  been  very  rarely  seen. 

3*^.  A  small  crater  within  the  ehallow  crater,  first  seen  as  a  crater  by  Father 
SecchionFeb.  11,1867. 

These  appearances  of  Linn^  have  not  been  recorded  previously  as  co-- 
existing*. 

Observations  op  the  White  Spot. 

These  have  been  very  numerous.  No  doubt  whatever  has  been  cast  on 
this  appearance  of  linn^  since  Oct.  15, 1866.  The  only  question  that  exists 
has  reference  to  the  variability  or  invariability  of  its  size,  and  probably  of  its 
reflective  power. 

Schmidt's  Recent  Obsebvations.  Note. — It  will  be  sufficient  to  quote 
merely  the  dates  of  these  observations  except  the  first,  in  which  Schmidt 
speaks  of  his  missing  for  the  first  time  the  crater-form  of  Linne. 

''  1866,  October  16.  Abends;  zunehmende  Phase  iiber  den  Caucasus.  Luft 
sehr  still,  schwach  dunstig.  Yiele  kleine  Grater  im  Marc  Serenitatis  sichtbar ; 
Linne  aber,  obgleich  hochst  gunstig  beleuchtet,  erschien  nicht  als  Crater, 
sondem  als  kleine  Wolke,  iihulich  dem  weissen  Flecken  ostlich  bei  Posidonius 
in  der  grossen  Bergader,  welcher  Fleck  (in  Wirklichkeit  ein  grauer  hoheror 
Gipfel  jener  Bergader)  in  Lohrmann's  Sect., III.  mit  16  bezeichnet  ist,  bei 
Madleb  aber  y  heisst.  Zum  Ersten  Male  vermisste  ich  den  Linn^,  oder  viel- 
mehr  seine  Craterform,  die  sich  jetzt  tief  beschattet,  und  in  besonderer 
Deutlichkeit  hatte  zeigen  miissen." 

Tran8lati(in. — 1866,  October  16,  evening.  Morning  terminator  over  Cau- 
casus. Air  very  still,  slightly  misty.  Many  small  craters  visible  in  the  Mare 
Serenitatis ;  but  linne,  although  most  favourably  illuminated,  did  not  appear 
as  a  crater,  but  as  a  small  cloud  similar  to  the  white  spot  eastward  near 
Posidonius  in  the  great  mountain-ridge,  which  spot  (in  reality  a  grey  highish 

*  1867,  Nov.  3.  Mr.  Prince,  of  Uckfield,  saw  the  shallow  crater  and  the  small  crater  at 
the  same  time :  Boe  post^  p.  13. 
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peak  of  that  moYmtain-iidge)  is  denoted  bj  16  ia  Lohrmand^^^.  III.(^)pt       ^  k 
is  called  y  by  Madleb.     For  the  first  time  did  I  miss  LiDmi^^4:dtbB^jH-T  "^  >'' 
crater-form,  which  at  that  time  ought  to  have  shown  with  especJtfc&tihdt-l''  - 
ness  and  deeply  shadowed. 

Sehmidt  observed  linno  as  a  spot  of  light  c^nZy,  more  or  less  similar  to  y 
Posidonins,  on  the  undermentioned  days :  1866,  Oct.  18  ;  Nov.  14,  17,  19, 
±2, 2:3,  24,  and  25.  On  Nov.  2^  he  recorded  "  no  trace  of  Linne."  He  also 
obserred  it  as  alight-spot  on  Dec.  14-16  (and following  evenings),  25,  and  27. 
On  Dec.  27  he  speaks  of  it  as  "  inconsiderable."  1867,  Jan.  13, 14  to  19, 
and  24,  he  still  observed  it  as  a  light-spot  or  small  white  cloud,  i^lso  on 
ILi?  23,  he  estimated  it  at  0*6  of  Sulpicius  Gallus ;  May  24,  estimated  at  0*25 
of  &  Gallus ;  June  ^j  0*33  of  S.  Gallus ;  and  July  9,  as  the  usual  spot  of 
light 

M.  Flakxabiok  observed  the  white  spot  on  Hay  10,  1867,  and  described 
it  as  under  (Comptes  Bendus,  torn.  bdv.  20  Mai,  1867,  No.  20,  p.  1020.) 
He  does  not  appear  to  have  seen  either  the  large  shallow  crater,  or  the  snxall 
enter  or  hiU  which  were  observed  on  the  same  day  by  Bespighi  and  Schmidt. 

''  Une  observation  attentif  montre  immediatement  que  linne  •rCest  plus  un 
crat^e.  Aucune  ombre  ext^rieure  k  Test,  aucune  ombre  au  centre.  £n  sa 
place  il  n'y  a  plus  maintenant  qu'une  uu^  blanche  circulaire,  ou  plutdt  une 
tache  blanche  attenant  au  sol,  laquelle,  loin  de  s'^ever  comme  un  crat^re 
rar  le  fond  un  pea  verdAtre  de  la  mer  de  la  Sdr^nit^  parait  n'Stre  ni  en  relief 
ni  en  ovux  et  ressemble  ^  un  ^c  plus  daire  que  la  plaine  avoisinante." 

Tramlatian. — ^An  attentive  observation  shows  immediately  that  lanne  ts 
no  hnger  a  crater.  No  exterior  shadow  to  the  east,  no  shadow  at  the  centre* 
In  its  place  there  is  now  nothing  more  than  a  white  circular  doud,  or  rather 
a  white  spot  contiguous  to  the  ground,  which,  so  far  from  elevating  itself  as  a 
crater  on  the  slightly  greenish  ground  of  the  Mare  Serenitatis,  appears  neither 
to  be  in  relief  nor  as  a  depression,  but  resembles  a  lake  brighter  than  the 
neighbouring  plain. 

1867,  July  9.  Mr.  Hueonrs  measured  the  length  and  breadth  of  the  white 
spot,  Ti2. 7"*8o4  length,  and  6"'138  breadth.  On  the  same  evening  I  measured 
the  white  spot  in  the  Erection  of  position  angle  0®,  and  found  the  diameter 
in  this  direction  7"'004 ;  the  mean  of  the  length  and  breadth  gives  6"'996 
for  an  intermediate  diameter. 

1867,  Augost,  6^  8^.  Distance  of  meridian  of  Linn^  from  meridian  crossed 
by  terminator  at  the  moon's  equator  0°  6'*4,  linne  being  unelUightened. 
lAter,  when  the  moon  was  low  in  the  west,  Mr.  Bttokikohak  saw  an  oval  spot 
lise  g^ually  out  of  the  dark  part  of  the  moon,  which  projected  a  shadow  to 
the  edge. 

From  the  sketch  accompanying  the  note,  it  would  appear  that  this  spot 
was  somewhat  elevated  above  the  general  surface,  as  the  shadow  extended  to 
the  terminator,  also  the  cone  of  the  little  crater  is  shown  casting  an  exterior 
shadow,  the  orifice  being  a  black  spot.  On  the  same  evening,  at  8^  30",  Mr. 
Bird  noticed  two  notches  on  the  terminator  near  the  neighbourhood  of  linn^. 

1867,  Oct.  5.  Mr.  Black,  of  Camden  Square  (telescope  6i|-inch  aperture, 
silvered  glass  reflector),  observed  the  white  spot.  He  says,, "The  next 
ni^t  (Oct.  5)  I  thought  the  white  patch  round  linn^  smaller  than  on  many 
former  occasions,  but  changes  of  this  sort  are  very  common." 

Mr.  Websteb,  of  Dundee  (telescope  7-inch  aperture,  achromatic  object 
glaw  by  Cooke),  records, ''  Oct.  5, 1  could  see  I^nn^  only  as  a  small  faint 
nebulosity." 

1867,  Oct.  10.  Mr.  Slack.    "  The  white  spot  linn^  did  not  melt  off  gra- 
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dually  into  the  colour  of  the  surrounding  sea  aa  in  some  previous  monihs. 
It  showed  as  a  distinct  clear  white  spot,  round  which  the  sea  was  distinetly 
of  a  deeper  tint — one  of  the  nondescript  ochreous  hrowng,  Ko  symptoms  of 
a  cloudy  edge  was  visihle  with  my  6J-  and  power  100." 

In  contrast  with  this  and  as  illustratiYe  of  Mr.  Slack's  opinion  of  varia- 
tions in  the  appearance  of  linn^  {see  post,  p.  22)  I  quote  the  following  passage 
from  my  note-book  under  date  1867,  July  8 : — 

*^  The  portion  near  the  south  border  of  the  Mare  Serenitatis  was  greatly  in 
contrast  with  linn^  and  its  neighbourhood.  While  the  most  minute  furrow 
or  cleft  covld  have  been  seen  near  Sulpicius  Gallus,  I«inne  was  so  indistinct  that 
nothing  was  visible  except  the  spot  of  light,  and  this  was  quite  undefined,  so 
that  any  well-marked  margin  was  invisible.  Linne  appeared  as  a  light  spot, 
brighter  towards  the  centre." 

On  Oct.  17,  to  15^  G.  M.  T.,  Mr.  P.  Bird,  of  Birmingham,  observed  the 
white  spot  but  could  not  see  the  small  crater,  nor  any  trace  whatever  of  sha- 
dow, but  he  noticed  that  the  place  occupied  by  the  small  crater  in  July  was 
in  October  unusually  bright.  It  is  to  be  remarked  that  the  state  of  the  air 
was  almost  as  bad  as  possible  at  the  time,  so  that  it  is  doubtful  if  the  small 
crater  was  really  replaced  by  the  small  bright  spot. 

1867,  Oct.  18, 16^  to  20^  30".  Mr.  Buckingham  observed  the  white  spot 
to  be  convex, 

Mr.  Crosslet  on  the  same  day  saw  the  white  spot  as  an  irregular  badly •> 
defined  patch,  especially  towards  Bessel,  on  which  side  near  the  centre  was 
the  only  shadow  visible,  which  might  have  been  the  shadow  of  the  supposed 
central  peak  from  its  position. 

Analogous  Spots. 

The  spot  which,  so  far  as  I  am  aware,  exhibits  the  closest  analogy  to 

Linne  in  its  present  state  is  IV  A*  ^^,  lY  A^^®  :  see  Eeport,  1866,  pp.  251, 
262  and  276,  where  it  is  simply  recorded  as  a  bright  spot.     1867,  May  11, 

8^0*to8^30»,Irecord:— IV  A•^^  TVA^^'  is  a  shallow  crater  on  the 
S.W.  side  of  tiie  ridge  forming  the  N.E.  boundary  of  Hipparchus.  1867, 
Oct.  7,  Rev.  W.  0.  Williams  of  Pwllheli  recorded  it  as  **  very  bright,"  but 
said  nothing  of  a  crater. 

On  Oct.  17, 13^  to  16^  G.  M.  T.,  Mr.  Williams  noticed  it  as  a  very  con- 
spicuous crater,  and  on  Oct.  18,  17**  to  19**,  G.  M.  T.,  it  was  also  very  con- 
spicuous with  a  central  cone  casting  a  shadow.  In  preparing  area  IV  A^ 
for  engraving,  I  have  met  with  a  spot  still  more  analogous  to  linne.    It  is 

west  of  Horrox,  is  marked  IV  A^  ^'^^  and  wiU  be  fully  described  in  the  letter- 
press of  IV  Afi* 

Estimations  and  measures  of  the  White  Spot. 

Table  I.  contains  estimations  and  measures  of  the  extent  of  the  white  spot 
in  seconds  of  arc,  English  feet,  and  French  metres.  Those  marked  (*)  are 
measures,  all  at  an  angle  of  position =0°,  except  the  measures  by  Mr.  Huggins 
marked  respectively  (t)  the  length,  and  (J)  the  breadth  of  the  white  spot. 
The  angles  of  position  of  these  measures  are  not  given.  As  the  same  angle 
of  position  gives  a  different  line  of  measurement  on  the  moon's  surface  from 
day  to  day,  the  measures  are  not  referable  to  the  same  line  across  the 
white  spot. 

The  number  of  English  feet  subtending  an  angle  of  l"-0  at  the  centre  of 
the  moon's  disk  at  mean  distance  is  6116*7.  At  any  given  distance  from  the 
-centre  this  quantity  is  increased  in  the  proportion  of  the  secant  of  the  angle. 
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measaring  the  distance  from  the  centre,  which  in  the  case  of  Linnc  is  equal 
to  29^  54'  40",  therefore  61 16-7  X  secant  29°  54'  40 '=7056-6  English  feet, 
which  subtend  an  angle  of  1"*0  at  the  mean  position  of  Linne ;  but  as  this 
mean  position  may  be  either  at  perigee  or  apogee,  where  the  value  of  1"'0 
may  be  greater  or  less,  the  above  is  the  value  at  mean  distance,  which  is 
never  contemporaneous  with  mean  Hbration.     See  Itcport,  1866,  p.  245. 

The  apparent  sizes  of  objects  on  the  moon's  disk  are  affected  both  by  dts- 
teacc  and  Hbration.  The  former  presents  them  alternately  to  the  eye  under 
larger  and  smaller  angles,  according  as  the  moon  is  nearer  to  or  further  from 
Qs.  The  latter  alters  their  positions  on  the  disk,  sometimes  bringing  them 
nearer  to  the  apparent  centre,  at  others  rcmoviDg  them  to  a  greater  distance 
from  it.  Approximately,  distance  may  affect  the  measurements  of  objects  to 
an  extent  of  about  a  9th  part  of  the  greatest  measures  at  the  epoch  of  mean 
libnition ;  for  as  mean  Hbration  may  occur  when  the  moon  is  in  perigee, 
a  measure  taken  at  the  time  of  apogee^  when  the  moon  is  in  a  state  of  mean 
Hbration,  will  be  less  by  about  the  9th  part  of  a  measure  taken  at  perigee 
mean  Hbration. 

libration  affects  the  measures  of  objects  by  presenting  them  under  larger 
or  smaUer  angles,  according  as  they  are  nearer  to  or  ^rther  from  the  centre 
of  the  apparent  disk;  thus  an  object  of  6116*7  English  feet  in  diameter, 
occupying  the  centre  of  the  disk  at  mean  distance,  would  subtend  an  angle 
of  l"-0.  At  mean  Libration,  moon  in  Perigee,  an  object  of  the  same  ex- 
tent would  subtend  an  angle  of  1""059  +  ;  moon  in  Apogee  0"'941.  In  the 
first  case  a  similar  object  at  an  angular  distance  of  19°  54'  40"  would  appear 
foreshortened  in  a  radftaZ  direction,  the  longer  axis  at  right  angles  to  a  radius 
measuring^  1"*059,  the  shorter  axis  0"*996 ;  the  shorter  axis  of  an  object  of 
the  same  diameter  at  a  distance  of  29°  54'  40"  on  the  same  radius  would 
measure  only  0""918 ;  the  difference,  0""078,  is  the  change  of  angle  arising 
from  tiie  displacement  of  such  an  object  by  Hbration  (about  the  epoch  of 
Perigee)  equal  to  an  arc  on  a  radius  of  the  moon's  apparent  surface  of  10°,  t.  e, 
between  20^  and  30° ;  on  the  opposite  side  of  the  orbit  it  is  less. 


Table  I. 

Estimations   and  measures  of  the  extent  of  the  white  spot  on  the  Crater 
Ltnne  reduced  to  29°  54'  40"= angular  distance  from  the  moon's  centre. 


Aathority. 


Schmidt 

Birt  

Birt   

Birt   

Birt   

Schmidt 

Birt   

Buckingham 

Wolf 

Birt   

Hoggins  ... 
Huggins  ... 
Birt  

Birt :... 

Birt   


Epoch. 


1866*794 
i866'953 
1866*961 
1866-964 
1866*969 
1866-986 
1867*036 
1867*197 
1867*443 
1867-515 
1867-518 
1867-518 
1867*518 
1867*520 
1867-528 


Date. 


1866, 
1866, 
1866, 
1866, 
1866, 
1866, 
1867, 
1867, 

1867, 
1867, 

1867, 
1867, 
1867, 
1867, 
1867, 


11 


»> 


ft 


»> 


Oct.  18 
Dec.  1 5 
18 

21 
27 
Jan.  14 
Mar.  14 
June  12 
July    8 

»   9 
»   9 

i»   9 

„  10 

»  13 


Seconds. 

Eng.  feet. 

6*90 

48688 

ir6i* 

81932 

7'07» 

49871 

7'3a* 

51652 

675* 

47644 

i*8i 

12789 

795* 

56105 

6"co* 

42340 

450 

31755 

5*33* 

37626 

7-85* 

554*3+ 

6-14* 

43314+ 

7'oo* 

49426 

.  5-36; 

37848 

6-31* 

44528 

Fr.  metres. 


14840 
24972 
15201 

J  5744 
14522 

3898 
1 7100 
12905 

9679 
11468 
16893 
13202 
15065 
11536 
13572 
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Brightness  op  the  Whitish  Spot. 

Since  Schmidt  suspected  a  change  in  linne  he  has  iiecorded  nine  compari- 
sons of  the  hrightness  of  linne  with  that  of  the  spot  on  the  S.E.  of  Posi- 
donius  marked  y  bv  B.  (fc  M.  (see  ante,  p.  6).  On  seven  occasions  he  found  it 
less  bright  than  y,  viz.  on  1866,  Nov.  17,  19,  22,  23,  and  24 ;  and  1867, 
Jan.  13  andl4§.  On  Dec.  16, 1866,  he  recorded  it  equal  to  y ;  and  on  Dec. 
14, 1866,  brighter  than  y.  I  also  found  it  less  bright  than  y  on  seven  even- 
ings, viz.  1866,  Dec.  19,  1867,  Jan.  14  §,  15,  Feb.  11,  May  11  and  15,  and 
Aug.  12.  On  May  17  and  July  13  I  recorded  it  as  equal  to  y,  and  brighter  than 
y  on  March  14  and  Aug.  10 ;  on  March  14  Mr.  Buckingham  estimated  it  as 
equal  to  y.  The  above  are  comparisons  with  y  only,  they  give  no  informa- 
tion as  to  the  degree  of  brightness  with  which  Linn^  reflected  the  sun's  light. 
The  following  are  my  estimations  of  the  brightness  of  linne,  the  scale  being 
shadow =0°,  the  bright  mountain  in  Aristarchus=10°. 


1866,  Dec.  14. 

O 

30 

1867,  Jan.  12. 

o 

3-0 

1867,  July  10. 

o 

4-5 

„      15. 

3-5 

„      14. 

4-0 

„     13. 

5-0 

„      18. 

6-5 

„      15. 

6-0 

Aug.  10. 

4-0 

„      19. 

5-0 

July    8. 

3-0 

„     12. 

60 

..      21. 

4-0 

tt     y« 

4-0 

These  numbers  appear  to  indicate  that  between  1866,  Dec.  14,  and  1867, 
Aug.  12,  Linn^  increased  in  brightness  as  the  altitude  of  the  sun  increased. 

The  following  are  estiniations  of  the  brightness  of  y  Posidonius  oontempo- 
raneous  with  those  of  linne. 

1866,  Dec.  19.    6-1  1867,  July  8.    5-0  1867,  July  13.     5-0 

„     21.    4-5  „     9.     50  Aug.  10.     3-9 

1867,  Jan.  15.     5-5  „  10.     6-0  >,    12.     6-2 

Observations  were  made  on  the  evenings  of  Dec.  18  and  19, 1866,  with 
the  view  of  confirming  the  estimations  by  comparison  with  other  objects. 
They  were  as  follows : — 

Dec.  18.      Dec.  19. 

Proclus 9-0  9-0 

Censorinus    ....  8-5  9-0 

Dionysius 8*0  8-5 

Conon    70  7-0 

linn^    5*5  5-0 

y  Posidonius ....  5*1 

Bessel   4'0  (ring)  4*5 

The  similarity  of  appearance  under  high  illumination  exhibited  by  Linne 

.and  y  Posidonius  [I  E^  ^]  is  remarkable,  especially  as  the  two  objects  are  so 
very  dissimilar  in  character.  The  white  spot  on  the  site  of  linne,  so  fiar  as 
we  know  at  present,  differs,  as  we  see  it,  very  little,  if  any,  in  level  from  the 
surrounding  surface  of  the  Mare  Serenttatis.  Most  of  the  former  records  place 
Linn^  on  or  very  near  a  ridge  crossing  the  Mare  Sereiiitatis,  Since  October 
16,  1866,  the  appearance  of  this  ridge  in  tlie  immediate  neighhourhaod  of 
Linne  has  not  been  recorded.  On  July  8,  1867,  I  have  this  note ; — **  The 
ridge  between  Linne  and  Sulpicius  Gallus  quite  perceptible,  except  a  small 
portion  near  LinnV*    This  ridge  is  of  variable  height,  the  shadows  distinct, 

{  Indicates  that  Schmidt's  obflervation  was  contemporaneous  with  mine. — W.  B.  B. 
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opecially  of  the  bighert  part,  a  little  south  of  Linnd.  IE*'  [y  Posidonitw], 
vhen  near  the  monimg  or  eyening  terminator^  shows  itself  as  a  distinct 
moantain  peak  of  150  toises,  or  959*2  English  feet  in  height.  It  is  only 
liiea  the  sun  attains  a  considerable  altitude  on  y  that  it  presents  the  same 
^fpearanoe  as  linn^^  yi2.  that  of  a  white  diffused  cloudy  patch.  So  far  as  I 
am  aware,  it  is  only  recently  that  this  similarity  of  appearance  between  these 
objeets  has  been  observed.  Although  many  mountains  and  craters  lose  their 
Mngoishing  features,  and  appear  as  round  white  spots  when  the  sun  is  at 
a  great  altitude  above  their  respective  horizons,  there  are  numerous  craters 
fliat  present  the  characteristic  appearance  of  having  a  dark  interior,  sur- 
lOttDded  by  a  bright  ring  under  the  more  direct  rays  of  the  sun,  when  most 
moimtsins  are  seen  as  bright  spots. 
Ck>imected  with  the  similarity  of  appearance  under  high  illumination  is 

another  interesting  feature  characterizing  linne  and  y  Fosidonius  [I  E*  ^]> 
vii.  the  existence  during  the  period  of  observation,  of  crater-openings  on 

both.    Of  that  on  linne  I E)'  ^  we  have  numerous  records.  That  on  y  [I  E^  ^] 

is  certainly  smaller  than  I W  ^,  and  has  been  seen  only  on  five  occasions. 
It  was  diMOveied  1867|  January  14,  by  Mr.  Kirorr,  with  his  7^-inch  0.  G. 
by  Alvan  Clark.  His  own  wordis  will  best  describe  the  nature  of  the  disco- 
▼eiy.  Writing  under  date  of  March  3, 1867,  he  says,  '<  While  observing 
linne  on  the  14th  of  January,  at  about  10^  80^  G.  M.  T.,  I  had  myself  a 
atroog  impression  of  a  dark  spot,  as  described  by  Schmidt,  but  definition  was 
80  poor,  and  I  saw,  or  fancied  I  saw,  traces  of  a  similar  appearance  on  Poei- 
doniiu  y,  that  I  regarded  it  as  an  illusion,  and  made  no  note  of  it  at  the 
time.  I  could  not,  however,  free  my  mind  from  the  idea  that  there  might  be 
fmdhiiig  in  it,  and  accordingly,  two  days  afterwards,  I  added  the  following 
note,  wMch  I  transcribe  verbatim : — 

"  1  had  a  very  strong  impression,  with  various  eyepieces,  of  a  small  cen- 
tnl  dark  spot  on  the  difiused  patch  covering  (?)  linn^^  so  strong  that  I 
indiaed  to  regard  it  as  having  a  real  existence ;  as,  however,  I  saw  a  similar 
appearance,  though  not  nearly  so  strongly  marked,  on  y  [Posidonins],  I  can 
only  regard  it  as  a  curious  optical  illusion." — Note  added  January  16, 1867. 

This  dark  spot  on  y  Posidonius  was  next  seen  by  Mr.  BucxiireHAH  on  the 
11th  d  April,  1867.    His  observation  is  thus  recorded : — 

"  1867,  April  11,  &"  to  10»»  69".  Air  very  steady,  but  slightly  hazy,  and 
found  y  Posidonius  a  fine  crater,  0"*5,  seen  wdl  with  360  and  higher, 
dearly  with  250,  but  could  not  with  120." 

1867,  May  11.  Herr  Schmidt  recorded  as  follows : — "  I  also  see  a  deU- 
eate  black  point  in  y  Posidonius  "• 

1867,  Oct  16.  Mr.  Bvckinohak  saw  and  described  it  as  very  black. 

1867,  Dec.  4,  7*  30™,  G.  M.  T.    Mr.  Kii ott  records  that  it  was  weU  seen  *. 

The  increase  of  the  brightness  of  Linne  as  the  sun  attains  a  greater  alti- 
tude above  its  horizon,  especially  as  y  Posidonius  does  not  exhibit  it  in  so 
marked  a  degree,  may  bear  a  passing  remark  without  at  all  hazarding  an 

*  About  the  middle  of  January  1866,  Mr.  Leigh,  then  of  Birkenhead,  now  of  War- 
rington, detected  a  corioua  group  of  three  small  craters  and  three  small  mountains  north 
of  Arkitoteles,  which  is  figured  l^  Webb  in  the  '  Intellectual  Observer,'  No.  60.  toL  x. 
JtiLl867,  p. 441.  Afoil  11, 1867,  Webb  detected  on  the  western  of  the  three  mounUins 
»  d^ow  pit  (I  I'  7)  (see  '  Intelleetiial  Obserrer,'  No.  64.  toI.  xi.  Maj  1867,  p.  282).  Webb 
bad  pK-Tioiwly  (1866,  April  21)  detected  a  cavity  or  pit  (I  I**)  on  the  western  mountain 
of  B.  &  M.*s  r  nortli  of  Aristotelft*,  which  was  extremely  plain  on  April  11,  1867.  In 
connexion  with  the  phenomena  presented  by  Linn6,  the  value  of  observations  of  these  and 
*iinilar  objects  is  obvious. 
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opinion  as  to  change.  Yarjing  angles  of  illumination  appear  to  affect  objects 
on  the  moon's  surface  differently ;  for  example,  under  an  oblique  illumination, 
when  the  sun  shines  more  directly  on  the  steep  sloping  sides  of  some  craters^ 
they  appear  very  bright ;  this  brightness  arises  from  two  circumstances^  viz. 
the  nature  of  the  surface  of  the  sloping  sides,  and  the  angle  of  illuminatioii 
upon  them  being  more  direct ;  this  of  itself  will  make  a  difference  in  the 
brightness  (when  no  real  difference  exists  in  the  reflective  power  of  the  in- 
terior and  exterior  surfaces)  at  the  times  of  sun-rising  and  setting ;  as  the 
sun  rises  higher  above  the  horizon  the  brilliancy  from  this  cause  declines. 
The  variations  in  the  brilliancy  of  Linn^,  y  Posidonius,  and  other  spots  which 
are  similarly  affected,  do  not  appear  to  be  produced  in  the  same  manner. 
The  difference  arising  from  elevation  in  the  case  of  linne  (if  it  exists)  seems 
to  be  too  slight  to  occasion  any  appreciable  effect.  The  gradual  brightening* 
of  such  spots  as  linn^,  especially  when  situated  on  a  ground  which  darkens 
under  the  more  direct  rays  of  the  sun,  appears  to  point  to  something  in  the 
nature  of  the  surface  of  the  spot — as  contrasted  with  that  of  the  surrounding 
surface — on  which  the  sun's  rays  exert  an  influence,  rendering  it,  for  the  time 
being,  capable  of  reflecting  a  greater  amount  of  light.  While  there  is  a  more 
or  less  constant  relation  between  reflective  power  and  angle  of  illumination, 
the  recorded  differences  of  reflective  power  under  the  same  angles  of  illumina- 
tion, would  indicate  that  these  differences  depend  upon  other  circumstances 
than  increase  and  decrease  of  illuminating  angle.  The  phenomena  presented 
by  Linne  during  the  last  twelve  months  are  strikingly  in  contrast  with  those 
presented  by  Plato,  as  observed  by  me  between  1859  and  1863.  linne  is 
faint  imder  oblique  rays,  bright  imder  those  that  are  more  direct.  Plato  re- 
flects more  light  under  oblique,  and  less  under  more  direct  rays,  i.  e,  the  sur- 
face is  of  a  darker  tint  under  a  higher  angle  of  illumination. 

The  Shallow  Cbatek. 

This  object,  of  which  no  measures  exist,  has  not  been  previously  recorded, 
unless  Schroter's  description  of  the  spot  v  refers  to  it  (see  ante,  pp.  3  &  4). 
His  language  is,  however,  rather  ambiguous,  and  it  is  doubtful  as  to  whether 
he  describes  a  plain  on  the  same  level  as  the  adjacent  surface  of  the  Mare 
Serenitatis,  or  one  bounded  by  a  low  wall  which  did  not  rise  above  the  sur- 
rounding level.  It  appears  that  he  did  not  determine  the  precise  nature  of 
the  spot  V.  Schroter's  description  is  quite  irreconcileable  with  the  appearance 
of  Linn^  as  given  by  Lohrmann  and  by  Beer  and  Madler. 

Observations  of  the  Shallow  Crater. — These  have  been  but  few,  as 
under : — 

1.  1867,  Jan.  12.  Mr.  Kxott,  7^  Alvan  Clark,  Dawes's  eyepiece,  powers 
145  and  240,  saw  the  "  Ghost "  of  the  ring  of  Linn^.  His  observation  is 
recorded  as  follows,  January  12,  6^  40"  Lo  7^  15",  G.  M.  T. : — 

**  I  saw  clearly  the  *  Ghost  ^  of  the  ring  of  Linne.  *  *  *  It  is  broader  (and 
brighter  ?)  on  the  western  side.  The  shading  in  the  interior  is  of  about  equal 
intensity  with  that  of  the  surrounding  Mare,  I  do  not  see  any  real  interior  or 
exterior  shadow,  though  the  shadows  in  neighbouring  craters,  even  those  of 
very  small  dimensions,  are  very  distinct.  The  ring  or  wall  of  the  crater  has 
a  slightly  nebulous  appearance,  and  is  in  brightness  barely  equal  to  that  of 
the  knoll  on  the  Mare  east  of  Posidonius,  marked  y  on  B.  <&  M.'s  large  map. 
Its  diameter  is,  to  my  eye,  less  than  that  of  Sulpicius  Gallus." — Astronomi- 
cal Register,  No.  60,  Feb.  1867,  p.  33. 

2.  Jan.  12.  Mr.  Buckikghah  saw,  in  moments  of  quiet  air  and  good  de- 
finition, "  a  very  shallow  depression  all  over  the  enlightened  spot  of  Linne, 
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exeept  on  the  south-west,  where  an  elevation  could  he  seen  brighter  than 
other  parts  "  ♦. 

3.  Jan.  12,  5.15  p.m.  The  Eer.  Henst  Codfsa  £sy  examined  Linn<5 
irith  his  eolyered  glass  reflector  of  12  inches  aperture.  He  sa3rs  *'  the  air  was 
Tery  tremnlons  (the  temperature  had  fallen  to  22^)  ;  but  stiU  definition  was 
lurlj  shaip  with  powers  of  250  and  300.  At  first  the  appearance  was  cer- 
tainly that  of  a  whitish  clond  obscuring  the  crater ;  but  upon  long  gazing 
and  using  averted  vision,  I  could  plainly  make  out  a  centre  or  nucleus,  and 
presently  afterwards  a  marginal  ring  of  perhaps  twice  the  diameter  of  the 
original  Linne.** — ^Astronomical  Eegister,  No.  50,  Feb.  1867,  p.  33. 

4.  Feb.  14.  Mr.  Gboveb,  with  a  2-foot  Gregorian  Eeflector,  4-in.  aper- 
ture, powers  50  to  75,  saw  the  ring  of  Linnc  faint,  plainest  on  the  preceding 
side,  very  obscure  on  the  following.     His  observation  is  thus  recorded : — 

*'  I  saw  the  ring  of  linn^  with  certainty,  though  but  faint ;  it  was  much 
the  plainest  on  the  preceding  side,  and  1  was  tolerably  certain  of  an  interior 
shadow ;  be  this  as  it  may,  the  interior  fioor  was  certainly  seen,  and  very 
dusky,  *  ♦  the  following  side  of  the  object  is  very  obscure." 

5.  April  11.  Kev.  T.  W.  Webb  saw  the  ring  faintly.  He  says,  "  With 
dose  attention  I  once  or  twice  thought  I  saw  the  *  Ghost,'  described  by  Mr. 
Knott  as  a  pale  ring,  about  as  large  perhaps  as  that  figured  by  B.  and  M.,  a 
little  brighter  than  the  included  or  exterior  surface." — ^Intellectual  Observer, 
ITo.  64,  May  1867,  p.  282. 

6.  May  10.  M.  Bespiohi. — ^Les  Mondes,  13  Juin  1867.  "  Dans  certains 
moments  on  Pair  etait  parfaitement  tranquille,  le  contour  de  la  tache  blanche 
paraissait  forme  par  le  couronnement  d'un  grand  cratcre  &  petite  profondeur. 
Le  bord  de  la  taeho  paraissait  mieux  d^fini  du  cote  oriental  que  dans  Ics 
autres  parties,  et  avec  quelque  trace  d'ombre." 

Translation, — ^In  certain  moments,  when  the  air  was  perfectly  tranquil,  the 
contour  of  the  white  spot  appeared  formed  by  the  crown  of  a  large  crater  of 
little  depth.  The  border  of  the  spot  appeared  better  defined  on  the  eastern 
side  than  on  the  other  parts,  with  some  trace  of  a  shadow. 

7.  July  8.  Mr.  HuGoms.  **  On  the  evening  of  July  8,  when  a  great  part 
of  the  light  reflected  from  our  atmosphere  was  removed  by  means  of  a  Nicol's 
prism  placed  next  the  eye,  1  observed  a  shadow  within  the  western  margin 
of  the  shallow  crater." — ^Monthly  Notices,  vol.  xxvii.  p.  296. 

8.  Oct.  18, 16**  30".  Mr.  Buckingham  saw  several  small  projecting  points 
of  the  old  ring,  and  describes  the  ring-summit  of  the  white  spot  as  very  white, 

9.  Nov.  3,  5**  5°*.  L.M.T.  Maresfield,  Sussex.  Capt.  Noble  saw  the  shallow 
crater  complete.    The  following  is  an  extract  from  his  note-book : — 

"  For  the  first  time  I  see  Linne  unmistakeably  as  a  crater,  with  an  un- 
doubted depression  in  the  interior  of  the  ring.  The  bottom  of  the  crater  is 
very  light,  in  fact  practically  identical  in  tint  with  the  surrounding  Mare ; 
but  linnsDus  is  a  ring  surely  enough  *  *  *  It  has  a  good  deal  of  the  effect 
of  the  annular  nebula  (57  M)  in  Lyra.  The  S.W.  part  of  the  ring  is  the 
thickest  portion  of  it.  I  first  detected  these  appearances  with  a  power  of 
154,  and  subsequently  used  one  of  255 ;  but  this  only  rendered  them  more 
indubitable.  Nothing  resembling  the  dark  spot  seen  by  Mr.  Huggins  on  the 
11th  of  last  May  (Monthly  Notices,  vol.  xxvii.  p.  296)  could  be  detected." 

10.  Nov.  3,  &"  30".  Mr.  C.  L.  Pru^ce,  of  Uckfield,  saw  the  large  shallow 
crater  of  linne  well  defined,  and  the  smaller  crater  as  a  black  point.  The 
observation  is  thus  recorded  : — 

♦  See  ante,  p.  8, 1867,  Oct.  18,  when  Mr,  Buckingliam  saw  the  white  spot  convex. 


14  REPORT — 1867* 

'^  Nov.  3.  Upon  looking  at  the  moon  this  evening  I  saw  linn^  as  a  well- 
defined  crater,  with  little  of  that  cloudy  haziness  which  has  lately  supervened 
it ;  also  by  glimpses  I  saw  a  dark  line  (as  if  a  shadow)  on  the  side  next  the 
sun,  and  within  the  crater.    Saw  also  tne  smaller  crater  as  a  black  point." 

Mr.  Prince  adds,  *^  On  the  following  evening  the  cloudy  spot  had  completely 
obscured  the  crater  again.    I  could  not  detect  any  crater  "*. 

11.  1867,  Dec.  3,  6*"  0°*.  Messrs.  Jotnson  and  Williajcs,  of  Liverpool, 
saw  the  shallow  crater.  The  record  of  the  observation  is  as  follows : — **  The 
'  shallow '  oval  crater  was  quite  distinct,  and  south  preceding  there  appeared 
to  be  the  commencement  of  another  (see  anUy  p.  7,  Aug.  6,  8^).  Tk<d  thin 
black  line  of  shadow  was  well  defined ;  but  the  impression  given  was  that 
the  hill  is  either  very  low  and  rounded,  or,  if  not  low,  that  the  sides  are  of  a 
very  gradual  ascent.    The  '  small '  crater  could  not  be  seen." 

Tins  Shall  Cbateb. 

There  is  no  record  whatever  of  this  object  as  a  crater  until  1867,  Feb.  11. 
As  a  white  Mil  or  hlcuik  point  it  appears  to  have  been  noticed  about  two  months 
earlier.  Yvotq.  the  time  when  Herr  Schmidt  suspected  tiiat  a  change  had 
taken  place  in  linnd  until  December  13, 1866,  nothing  was  seen  but  the 
large  white  spot.  On  this  day  Schmidt  discovered  a  delicate  shadow-project- 
ing hill.  The  next  evening,  December  14,  Mr.  Buckingham  saw  a  shadow, 
or  very  black  point.  Dec.  26,  and  1867,  Jan.  26^  Schmidt  again  saw  these 
objects  \  and  on  Feb.  11, 1867,  Secchi  found  a  small  crater.  During  March, 
April,  May,  June,  and  July,  this  small  crater  was  seen  by  several  observers,  and 
estimates  of  its  diameter  given.  On  July  9  its  diameter  was  measured  by  Mr. 
Huggins.    The  following  are  the  most  important  observations  of  this  object : — 

'<  1866,  Dec.  13.  [Herr  ScHianT.]  Abends.  Luft  mitunter  recht  gut 
Die  zunehmende  Phase  hatte  soeben  den  Linne  uberschritten.  An  seiner 
SteUe  war  Anfangs  nicht  der  geringste  Gegenstand  zu  entdecken,  obgleich  die 
dortigen  feinen,  10-30  Toisen  hohen  Adem  sich  eben  so  deutlich  daistellten, 
als  die  kleinen  Crater  im  Nordwesten.  Unter  Anwendung  einer  300-maligen 
Yergrosserung  bemerkte  ich  am  Orte  des  linne,  der  sich  nicfit  durch  helleres 
Licht  auszeichncte,  einen  ausserst  feinen  schattenwerfenden  Hiigel,  fiir  den 
eine  sorgfaltige  Schatzung  300  Toisen  Durchmesser,  und  5-6  Toisen  Hohe 
ergab.  Gegen  6  TJhr  betrug  die  Sonnenhbhe  fiir  den  Horizont  des  linnc  \\ 
Grad.  Weder  innerer  noch  ausserer  Schatten  war  sichtbar ;  das  gamse  Crater- 
gebirge  fehlte  durchaus,  und  ich  sah  nur  glatte  graue  Ebene." 

Translation, — Dec.  13,  evening.  Air  at  times  very  good.  The  morning 
terminator  had  just  passed  over  linn^.  At  first  there  was  not  the  smallest 
object  to  be  discovered  in  its  place,  although  the  delicate  ridges  about,  of 
from  10-30  toises  in  height  (between  60  and  200  English  feet),  were  clearly 
visible,  as  well  as  the  small  craters  in  the  N.W.  By  applying  a  power  of 
300, 1  remarked  in  the  place  of  linn^,  which  did  not  show  itsdf  distinctly 
through  the  brighter  light,  an  extremely  delicate  shadow-projecting  hill,  for 
which  a  careful  estimation  gave  a  diameter  of  300  toises  (about  1918  English 
feet),  and  a  height  of  5-6  toises  (between  30  and  40  English  feet).  Towards 
6  o'clock,  the  sun's  altitude  for  the  horizon  of  linne  amounted  to  1^-5. 
Neither  interior  nor  exterior  shadow  was  visible ;  the  whole  crater-mountain 
was  entirely  wanting,  and  I  saw  only  a  smooth  grey  plain. 

1866,  Dec.  14.  Mr.  Buckingham.  6^  to  7^,  equatoreal  9  inches  aperture, 
power  240  and  361.     Mr.  Macgull  of  Glasgow  present.     "  Air  unsteady,  but 

"  1867,  Nov.  3,  8*»  30".  Mr.  Lockyer  found  Iinn6  very  difficult  to  see.  It  was  only 
a  white  patch. — ^Astronomical  Register,  No.  CO,  Dec.  1867i*p.  254. 
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oceasioiially  could  see  a  shadow  very  black  near  the  centre  of  linn^.  Either 
in  the  crater,  or  it  might  be  the  shadow  of  a  very  small  peak,  very  white. 
8eTeial  times  distinctly  seen  on  the  W.  part  of  the  centre  of  linne  (not  at  the 
edge),  bat  no  appearance  of  usual  crater  or  shadow ;  the  shadow  seen  was  a 
Itlack  bat  not  round  spot,  but  longer  N.  and  8." 

"  1866,  Dec.  26.  [Herr  Schmidt.]  Von  12-16  Uhr.  Vorziiglich  klare,  gam 
stiHe  Luft,  so  dass  ich  die  starkston  Oculare  anwenden  konnte.  Die  Phase 
lieruhrte  den  Westrand  des  Mare  Serenitatis ;  da  y  Poeidonias,  der  Phase  nahe, 
Sebatten  warf,  and  also  nicht  mehr  als  liohtfleck  erschien,  konnte  er 
nicht  mehr  mit  linne  vergUchen  werden.  Im  Mare  zahlte  ich  iiber  100 
Crater,  daranter  nordwestlich  von  linne  deren  sieben  fast  in  einer.  Beihe,  die 
schon  Schroter  am  27  ftissigen  Beflector  bemerkt  hatte.  Aber  auch  jetat  war 
linne  ein  gewohnlidier  lichtfleck  von  geringer  Augenfalligkeit.  Yon  14^- 
16  Uhr  Bah  ich  in  ihm  mit  500-600-maligen  Yergrosserung,  einen  aussent 

feinen  schwarzen  Punkt,  den  ich  =/ ^  J  schiitzte,  aber  a?=|  V  was 

aaf  einen  wahren  Durchmesser  von  265  Toisen  ftihrt.  Entweder  war  es  der 
Schatten  eines  sehr  kleinen  Hiigels,  oder  dor  Eest  des  ehemals  6700  Toisen 
breiten  CiaterB.  Die  Hohe  der  Sonne  fiir  diese  Gegend  war  jetzt  a=  15^*9." 
TranalaHon, — ^Dec.  26.  From  12^  to  16^  particularly  clear  and  perfectly 
still  atmosphere,  so  that  I  could  use  the  most  powerful  eyepieces.  The  ter- 
minator waa  in  contact  with  the  western  edge  of  the  Mare  Seren%tati$,  As  y 
PondoniuB,  being  near  the  terminator,  threw  a  shadow,  it  could  no  longer  be 
compared  with  linn^.  In  the  Mare  I  counted  more  than  100  craters, 
several  N.W.  of  linne,  seven  of  them  almost  in  a  row,  which  Schrdter  had 
already  noticed  with  the  27-feet  reflector.  But  even  now  Linn^  was  an  ordi- 
nary spot  of  light,  but  little  conspicuous.  From  14*'  30"  to  16*  0"  I  saw  in  it 
wiih  a  power  ci  500-600  an  extremely  delicate  black  point,  which  I  estimated 

eqpsl  to  (  gx)>  ^^^  a?g:f    g  ,    j*,  which  indicates  a  real  diameter  of  265 

toisee  (1695  English  feet).  It  was  either  the  shadow  of  a  very  smaU  hill, 
or  the  remainder  of  the  crater,  5700  toises  (36,449  English  feet)  wide.  The 
height  of  the  sun  at  this  region  was  15^  9'. 

*  Am  illustratiTB  of  Herr  Schmidt's  estimations  of  heights  the  reader  is  referred  to  B.  and 
M/smcfthod,  as  described  in  *  Der  Mond/ 1 65,  p.  98,  a  translation  of  which,  hy  W.  T.  Lynn, 
£aq^  10  as  follows: — "To  measure  and  calculate  the  heights  of  all  the  mountains  in  the 
moon  whidi,  under  favourable  circumstances,  throw  perceptible  shadows,  would  not  only 
be  inoonceiTabl^  tedious  and  troublesome,  but,  besides  this,  the  desired  degree  of  ao- 
CQFB^  would  stall,  in  the  migority  of  cases,  not  be  attained,  because  the  shadows  an  too 
short.  But  when  an  observer  has  acquired  sufficient  practice  by  repeated  measurements 
under  diflTerent  angles  of  illumination,  he  may  use  one  measured  mountain  (selecting 
one  as  high  a^  possible)  as  a  standard  of  estimation  for  others  lying  in  its  neighbour- 
hood, esjpccially  when  they  are  nearly  the  same  distance  from  the  terminator.  Pos- 
sessed of^some  practice  in  eye-estimations,  he  will  easily  be  able  to  find  how  many  times 
the  len|;th  of  a  small  shadow  is  contained  in  the  greater  one  formed  by  the  principal 
mouniaui.  Thus  it  was  estimated  on  the  17th  of  March,  1834,  that  the  shadow  of  the 
H.W,  wall  of  ^ede  was  equal  to  -J^  of  the  shadow  of  the  wall  of  Eudoxus,  the  height 
of  which  latter  was  determined  by  calculation  to  bo  1G27  toises.  Egede  is  situated  in  the 
neighbourhood  of  Eudoxus,  and  its  distance  from  the  terminator  was  then  ^  that  of  Eu- 
doxus, so  that  approximately  the  height  of  its  N.W,  wall  was  I'l;  X  i  X  1627=64  toises  above 
the  interior  surnoe.  In  tms,  or  a  similar  manner,  have  many  of  the  elevations  given  in 
the  topographical  description  been  determined ;  these  actually  calculated  according  to  the 
above  formula;  are  set  down  in  §  67  following." 

Herr  Schmidt,  speaking  of  this  method  in  a  letter  to  Mr.  Lynn,  says,  "  Such  estima- 
tions are  very  accurate,  and  between  hills  of  the  height  of  50-200  toises  which  have  been 
messured,  differences  of  elevation  of  5  or  6  toises  can,  when  close  to  the  terminator,  be  sa- 
tis&ctorily  and  certainly  estimated." 


as 
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"  1866,  Dec.  27.  [Herb  Schmidt.]  Von  13  bis  19  Uhr.  Luft  sehr  still, 
aber  nur  zeitweilig  gatiz  dunstfrei.  Anfangs  zog  die  lichtgrenze  iiber 
Bessel,  zuletzt  war  am  Linn^  die  Sonnenhohe  nur  noch  3^.  Eeine  Spur  eines 
Craters  erschien,  kein  Schatten,  weder  innen  noch  aussen  an  dem  unbedeu- 
tenden,  matten  lichtfleck  dessen  jetzt  sehr  verringerter  Durchmesser  nur 
etwa  noch  2000  Toisen  halten  mochte.  Dor  gestem  in  ihm  sichtbare  sehr 
kleine  schwarze  Punkt  fehlte  heute.  Es  war  also  nicht  der  Schatten  cincs 
Hiigels,  der  heute  viel  grosser  hatte  erscheinen  mussen." 

Translation, — Dec.  27,  from  13**  to  19**.  Air  very  still,  but  only  occa- 
sionally quite  free  from  mist.  At  first  the  terminator  passed  over  Bessel, 
afterwards  the  sun's  height  at  Linne  was  at  the  most  3^.  There  appeared 
no  trace  of  a  crater,  no  shadow,  either  within  or  without  the  inconsiderable 
faint  spot  of  light,  of  which  the  now  much  diminished  diameter  might  mea- 
sure only  about  2000  toises  (12,789  Eng.  feet).  The  very  small  black  point 
visible  in  it  yesterday  was  wanting  to-day.  It  was  therefore  not  the  shadow 
of  a  hill,  which  would  haye  appeared  much  greater  to-day. 

1867,  Jan.  12.  Mr.  Buckingham  saw  an  elevation  on  the  S.W.,  in  tlio 
shallow  crater,  brighter  than  other  parts.     See  arUey  pp.  12,  13. 

*<  1867.  Jan.  25.  [Herr  Schmidt.]  13»»-5-16'»-5.  Luft  besonders  gut. 
Sonnenhohe  nur  noch  12°-13°.  linne  cin  matter  lichtfleck.  Aber  an  500- 
maliger  Ycrgrosscrung  zeigt  sich  mitten  ein  iiusserst  feiner  schwarzer  Punkt, 
und  ostlich  danebcn  eine  sehr  feine,  weisse  Kuppe.  Beide  im  Durchmesser 
respective  200  und  300  Toisen.  Keine  Spur  eines  Craters,  wie  solche  in  schar- 
fen  Formen  iiberaU  im  Mare  zu  sehen  sind.  Auch  der  westliche  matte  Fachcr 
am  Linne  noch  kenntUch." 

2Vo»wZa<ion.— Jan.  2b,  13*^  30"-16**  30".  Air  particularly  good.  Sun's 
height  still  only  12^-13°.  Linn^  a  faint  spot  of  light,'  but^  with  a  power  of 
500  there  appeared  within  an  extremely  delicate  black  point,  and  east  of 
that,  close  to  it,  a  very  fine  white  summit.  The  respective  diameters  of  the 
two  200  and  300  toises  (1279  and  1918  Eng.  feet).  No  trace  of  a  crater,  as 
such  are  to  be  seen  generally  in  the  Mare  in  sharp  forms.  The  westerly 
faint  fan  of  light  in  Linne  is  sJso  still  discernible. 

During  the  interval  between  Jan.  25  and  Aug.  20  Herr  Schmidt  appears 
to  have  seen  the  cone  only,  which  he  describes  as  a  hill,  and  not  the  orifice 
which  he  had  formerly  seen  and  described  as  a  fine  black  point. 

"  18G7,  Feb.  10.  Ganz  unruhige  Luft  am  9^.  liune  in  der  lAchtgrenze 
erscheint  als  sehr  feiner  Hiigel,  viel  kleiner  als  die  Nachbar-Crater  gegen 
N.W." 

Translation, — 1867,  Feb.  10.  The  air  very  much  disturbed.  About  9 
o'clock  Linnd,  on  the  terminator^  appeared  as  a  very  delicate  hill,  much 
smaller  than  the  neighbouring  craters  towards  the  N.W. 

"  1867,  Feb.  11.  Sonne  Hohefiir  Linne =12°.  Keine  Spur  eines  Craters;  eino 
gewohnliche  matte  Wolkc,  darin  ein  sehr  feiner  Hiigel,  noch  mit  Schatten." 

Translation. — 1867,  Feb.  11.  Sun's  altitude  at  Linne=12®.  No  trace  of  a 
crater ;  an  ordinary  faint  cloud,  in  which  is  a  very  delicate  hiU,  still  having 
a  shadow. 

Herr  Schmidt  adds  this  note : — "  Von  dieser  Art  sind  alle  hiesigen  spatem 
Beobachtungen.  Wonn  Andere  jetzt  noch  behaupten  dass  sie  am  Orte  des 
Linnd  einen  Crater  sehen,  so  zeigt  es  mir  dass  sie  den  Ort  des  Linn^  uber- 
haupt  ganz  verhehlt  haben,  oder  falls  sie  einen  sehr  f einen  Crater  am  Orte 
des  Linne  sehen,  dieser  Umstand  meine  Beweisfiihrung  nur  bestiitigen  kann. 
Linne  war  friiher  ein  bedeutender  Crater,  der  dritt-grosster  im  Mare,  nach 
Bessel  und  Gallus." 
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Tmndation. — Of  this  Idnd  are  all  the  more  recent  ohservations  at  this 
place.  If  other  persons  now  still  assert  that  they  see  a  crater  in  the  place  of 
linne,  this  only  proves  to  me  that  they  have  quite  missed  its  place ;  or,  in 
ease  ihej  do  see  a  very  deUcaU  crater  in  the  place  of  Liniie,  this  circum- 
stance can  only  confirm  the  fact  brought  forward  by  mo.  linne  was  for- 
meily  a  considerable  crater^  the  third  in  magnitude  in  the  Mare,  next  after 
Bessel  and  Gallus. 

"  1867,  Feb.  11.  [Padre  Secchi.]  Xe  11,  au  soir,  Linne  ^tait  dej^  osscz 
aranoe  dans  la  lumiere  et  &  7  heures  on  voyait  nettement  un  tres  petit 
cratere  environhe  d'une  6clatant  aureole  blanche  qui  brillait  franchement 
sorle  fond  sombre  dn  M.  Serenitatis.  Le  grandeur  dc  Forifice  du  cratere  ^tait 
de  ^  de  seeonde  au  plus,  et  I'aurdole  etait  un  peu  plus  large  que  SuJj} ictus 
GmlttsJ^ — ^Comptes  Bendus,  tom.  Ixiv.  2b  Fevrier,  p.  345. 

IVafu2ci<u>n.---0n  the  11th,  in  the  evening,  Lhin^  had  already  advanced 
into  the  light,  and  at  7  o'clock  a  very  small  crater  was  distinctly  seen,  sur- 
rotmded  by  a  brilliant  white  aureole,  which  glittered  agsdnst  the  dark  ground 
of  the  Mare  Serenitatis,  The  size  of  the  orifice  of  the  crater  was  at  most  \ 
of  a  second,  and  the  aureole  was  a  little  larger  than  Sulpicius  Gallus. 

1867,  March  14.  Mr.  Bvckifghax  measured  the  "  cloudy  bright  patch," 
and  found  it  to  be  6"  in  diameter.  He  saw  into  the  small  crater,  which  he 
estimated  to  be  equal  to  the  largest  on  and  near  to  the  centre  of  Plato.  He 
saw  a  alight  shadow  within  the  crater  on  the  west  side. 

1867,  March  15.  Mr.  Dawes,  with  power  160  on  his  8-inch  Cooke,  saw 
<*  an  ejecetsivdy  minute  black  dot  in  the  middle  of  lAnni*^ 

1867,  March  15.  Mr.  BvcKiireHAic  again  saw  the  small  crater  without  the 
shadow  seen  on  March  14. 

1867,  April  10.  Baspiohi  saw  at  sunrise  on  linn^,  and  precisely  at  its 
place,  a  brilliant  spot  or  point  entirely  isolated  on  an  obscure  ground. 
1867,  April  11.  The  small  crater  on  Linn^  was  seen  by  Messrs. 
Bbbpiohi. 

BrcmrsHAX,  west  of  the  centre,  with  the  cone  leading  to  it. 
WsBB,  who  saw  the  ring  of  the  shallow  crater  faintly,  not  at  the  same 
time  that  he  saw  the  small  crater,  but  only  in  a  few  doubtful  glimpses. 
Hireonrs,  but  only  its  bright  west  margin. 

Dawes,  who  saw  the  dark  spot  and  bright  west  edge.    Mr.  Dawes  says, 

**  On  the  west  side  there  is  a  little  curved  edge  which  looked  slightly 

raised  like  the  edge  of  a  crater." 

April  12.  Mr.  Cabpenter,  with  the  Great  Equatoreal  at  the  Koyal  Obser- 

Tatoxy,  Greenwich,  saw  a  crater  which  he  has  drawn  as  on  the  site  of  Linn^, 

sarxonnded  by  the  aureole  as  described  by  Secchi. 

In  the  suitable  and  favourable  evenings  of  April  and  May  1867,  Pro- 
fessors d'Abbsst  and  Schjellebttf  saw  the  crater  opening  in  the  middle  of 
the  large  bright  and  somewhat  difPused  spot,  and  estimated  the  diameter  of 
the  eirralar  shadow  at  not  more  than  0"'9,  at  the  most  1"*1.  Prof.  Schjcl- 
lemp  adds,  "  I  will  just  remark  that  the  crater- opening  is  not  nearly  so  stri- 
king as  might  be  supposed  from  Mr.  Huggins's  drawing  in  the  June  Number 
of  the  Monthly  Notices." 

1867,  May  10.  Schmidt  saw,  in  place  of  the  small  crater,  an  enlightened 
tiumntainy  or  bright  shadow-projecting  hill,  half  the  size  of  the  next  neigh- 

boonng  crater  on  the  north-west  (linn^  A,  B.  &  M. ;  IE    •),  of  0"-45 

*  B.  and  M.  assign  a  brightness  of  5°  to.  this  oroter,  and  delineate  it  as  larger  than  the 
noHhern  of  the  three  craters  N.W.  of  Linn6,  whidi  tiiej  do  not  notice  in  their  text  A 
IS  now  tmdUr  than  the  northern  crater^  and  on  the  erening  of  Deo.  7, 1867,  it  was  scarcely 
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diameter,  or  600  toises*  (8200  Eng.  feet),  and  80-90  toisee  (between  500 
and  600  Eng.  feet)  high  (Les  Mondes,  Ist  Aoiit  1867,  p.  566).  Also,  in  a 
letter  to  W.  T.  tynn,  Esq.t,  he  says,  "  1867,  Mai  10.  Phase  durch 
Galippns  und  Hadley.  Fiir  linn^  stand  also  die  Sonne  erst  urenige  Grade 
hoch.  Linn^  sehr  rerandert,  an  seinem  Orte  ein  auffallend  heller  8chatlen- 
werfender  Hiigel  halb  so  gross  als  der  erste  nordwestlich  benachbarte  Crater. 
£s  ist  sicher  eine  neue  Yeranderung  eingetreten." 

Trandatian. — The  terminator  through  Calippus  and  Hadley.  On  linu^ 
the  son  was  therefore  only  a  few  degrees  high.  linn^  was  much  altered ;  in 
its  place  a  remarkable  bright  hill  casting  a  shadow,  half  as  large  as  the 

nearest  crater  on  the  north-west  [lE^^j.  A  new  change  has  undoubtedly 
taken  place. 

1867,  May  10.  Bespiohi  saw  the  little  crater  on  an  obscure  ground.  In 
his  rlsumS  of  hia  observations,  Eespighi  assigns  a  diameter  of  4"*0  to  this 
crater  and  a  great  depth. 

1867,  May  10.  Mr.  Ikoall,  with  a  4'5-inch  Dialyte,  power  200,  saw  tlie 
sn^all  crater  "  very  faint,  only  as  an  <  aspect'  or  '  inxi.'  of  a  small  crater  in  the 
centre." 

"  1867,  Mai  11.  Bchkibt.  Linne  als  weisse  Wolke:  darin  ein  feiner  weisser 
schatten-werfender  Punkt,  ohne  der  gestrige  Hiigel.  Auch  in  y  Posidonina 
sehe  ich  einen  feinen  schwarzen  Funkt." 

Translatum. — ^linne  like  a  white  doud :  in  it  a  delicate  white  point  casting 
a  shadow,  without  the  hill  noticed  yesterday.  I  also  see  a  delicate  b^.ad( 
point  in  y  Posidpnius. 

1867,  May  11.  The  small  crater  was  seen  by  Messrs. 
EsoTT,  with  interior  shadow  intensely  black. 

Httooins,  very  sharply  defined.  In  centre  nearly,  but  rather  nearer 
the  west  margin.  Mr.  Huggins  adds,  ^'The  appearance  suggested 
that  the  bright  walls  of  the  crater  were  a  little  elevated  above  the 
'  nebulous  light.' " 

Mr.  Huggins's  observations,  with  engraving  of  the  white  spot  and  crater- 
openiug,  will  be  found  in  the  Monthly  Kotices  of  the  Boyal  As^nomical 
Society,  vol.  xxvii.  pp.  296  to  298, 

''  1867,  Juni  9.  [Sohxidt]  linn^  eine  unscheinbare  lichtwolke :  in  ihr, 
etwas  westlich,  ein  feiner  hellerer  Hiigel,  fast  schon  ohne  Schattenspur." 

Th'aiislation, — linn^  an  insignificant  light  cloud :  in  it,  somewhat  west- 
erly, a  delicate  brightish  hill,  now  almost  without  trace  of  shadow. 

1867,  June  9  &  10.  Messrs  Browning  and  Barnes,  with  a  silvered  glass 
reflector  (With)  8|-inch  aperture,  power  225?,  saw  a  white  nucleus  on  linue, 
which  Mr.  Browning  regarded  as  a  MIL 

brighter  than  the  adjacent  surface  of  the  M.  Serenitatis.  I  recorded  ita  brighineea  as  3^*1, 
that  of  the  northern  crater  being  5°.  See  also  Bcbmidt's  obeeryations  on  Aug.  20,  pott, 
pp.  19,  20. 

*  On  Jan.  25,  Hen*  Schmidt  recoiided  a  delicate  black  point,  and  east  of,  and  close  1o 
it,  a  fine  white  summit.  The  diameters  of  these  he  respectively  estimated  at  200  and 
300  toises ;  he  did  not  give  the  height  of  the  summit.  Linn6  at  the  time  being  under  the 
evening  illumination,  the  positions  of  these  objects  were  such  aa  a  small  crater  wouM 
present,  the  enli^tened  exterior  rim  being  east  of  the  dark  spot.  If  the  objects  were  the 
interior  and  rim  of  the  crater  seen  afterwards  by  Secchi,  and  recorded  as  a  remarkable 
hill  by  Schmidt  on  Hay  10,  Schmidt's  estimates  on  Jan.  25  and  May  10  agree  aa  to  the 
diameter  of  the  crater.  Tliia  diameter,  up  to  May  10,  appears,  from  Sdmiidt's  and 
Seochi's  estimates,  to  have  been  under  0"'6. 

t  All  the  following  remarks  by  Herr  Schmidt  are  taken  from  that  letter,  whidi  beajn 
datv,  Athena,  1867}  August  2dw 
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1867,  June  10.  Wolf  saw  the  litUe  crater  very  distinctly  5  he  speaka  of 
it  as  Tery  deep.     MeBsra.  Dawbb  and  Keott  also  saw  it  on  this  day. 

1867,  Jnne  12.  Wolf  estimated  the  diameter  of  the  little  crater  at  1"'0,  or 
a  Me  leas. 

/<1867,Juli8,8".   [ScHXnn-.JLnffcnichtstiU.  linneeinsehrkleinerdeut- 
Hcher  Hiigel  mit  Schattcnspur,  diam.  ^  des  nordwestlichen  Cratemachbars." 

Translation, — 1887,  Jnly  8,  8"*.  Air  disturbed.  linn^  a  rery  small 
distinct  hill,  with  txaee  of  shadow,  \  diameter  of  the  neighbouring  crater  on 

the  north-west  [I  E^^]. 

Ecrr  Schmidt  adds  this  note : — *^  Mit  sehr  maohtigerm  Femrohr  und  bei 
gfQter  Luft  wiirde  man  viel  nukr  gesehen  haben ;  vielleicht  Spuren  des  alten 
Cratenralls.     Phase  sehr  giinstig." 

fititu2cr<um.— Much  more  would  have  doubtless  been  seen  with  a  much 
more  powerful  telescope  and  still  atmosphere ;  perhaps  traces  of  the  old  crater- 
vail.    Position  of  the  terminator  very  fiivourable. 

1B67,  July  9.  The  smaU  crater  was  seen  by  ttessrs.  HuGonrs  and  Bran. 
Kr.  Huggins  measured  its  diameter  and  found  found  it  1"'71. 

"1867,Julil2[ay.22]*,16''.[ScBaiiDT]  Sehr  unruhige  Luft.  linn^genau 
in  der  abnehmenden  Phase :  ein  isolirter  kleiner  Punkt,  d.  h.  ein  ganz  un- 
bdeutender  HiigeL" 

rraiuZa^ton.— -July  22,  15^.  Air  much  disturbed.  linn^  exactly  on  the 
eTening  terminator ;  an  isolated  small  point ;  that  is,  an  utterly  insignificant 
hilL 

1867,  July  22.  Tempxl.  "  Ben  Crater  linne  babe  ich  am  22  Juli  beobachtet. 
Es  Bcheint  cds  habe  sich  der  kleine  Crater  ausgefiiUt ;  ja  es  ist  jetzt  sogar  cine 
kldne  Anhohe,  ein  kleiner  runder  Bergkegel  an  dessen  Stelle  sichtbar.  Die 
angewandte  Yergrosserung  war  eine  dOO-malige  und  die  Nacht  sehr  rein." — 
Astronomische  Nachrichten,  No.  1656. 

Trandaiion. — I  observed  the  crater  Linn^  on  the  22nd  of  July.  It 
appeals  as  if  the  small  crater  was  filled  up;  nay,  there  is  now  a  small  eleva- 
tion, a  small  round  conical  hill  in  its  place.  The  power  used  was  300  and 
the  night  very  fine. 

"  1867,  August  7,  6«-5~8"'5.  [Schmidt.]  Luft  sehr  unruhig :  Phase  bei 
Aristillus.  linn^  ein  unbedeutender  Lichtfleck,  darin  ein  feiner  Hiigel  von 
1"  bia  2'  diam." 

Translation. — Aug.  7,  6^*5-8*^*5.  Air  much  disturbed ;  terminator  over 
AHstiUus.  linn^  an  insignificant  spot  of  light :  in  it  a  delicate  hill  from 
I"  to  2"  in  diameter. 

1867,  Aug.  20.  Terminator  bisecting  Bessel.  Mr.  Buckinohak  observed 
the  cone  very  distinctly,  it  projected  a  short  shadow  towards  the  W.  The 
following  measures  were  taken : — 

Dark  interior  of  the  crater,  mean  of  8  measures ....  0"*64 
Exterior  base  of  the  cone,  mean  of  7  measures    ....  2"'35 

"  Ang.  20,  IP  und  15**.  [Herr  Schmidt.]  Luft  unruhig.  Abnehmende 
Phase  uber  Bessel.  Linne  ein  matter  Lichtfleck,  etwas  kleiner  als  der  Crater 
S. Callus:  der  westliche  hiigelartige  Kern  der  Lichtwolko  =yV  ^*  Cf alius. 
Ke  nordwestlich  von  linne  liegenden  Crater  batten  schon  aussere  Schatten. 
^r  siidliche  dieser  Crater  war  auffallend  klein :  katmi  J  vom  nordlichcn 
^^achbar." 

*  At  1^,  Athens  mean  time  of  tlie  22nd  July,  Linn^  would  be  oIom  on  the  evening 

tmuiutor. 
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Translation, — Aug.  20,  IP  and  15\  Air  disturbed.  Evening  terminator 
over  Besscl.  Linnc  a  faint  spot  of  light  somewhat  smaller  than  the  crater 
8.  6allus»  The  westerly  hill-like  nucleus  of  the  light  cloud  s=^S.  Gallus. 
The  craters  situated  on  the  north-west  of  Linne  had  already  exterior  shadows. 

The  southern  of  these  craters  [I  E^^j  was  remarkably  small,  scarcely  ^  of  its 
northern  neighbour. 

1867,  Sept  18, 16\  Mr.  Caepbnter,  of  the  Royal  Observatory,  Green- 
wich, observed  the  small  crater  with  the  great  Equatoreal.  His  record  is  as 
follows : — "  The  definition  was  very  good  indeed :  the  crater-form  distinctly 
visible :  there  was  a  delicate  line  of  light  running  round  the  interior  shadow, 
indicating  the  slightly  elevated  nature  of  the  crater." 

1867.  Nov.  3,  5**  30".  Mr.  Prince  saw  the  small  crater  as  a  black  point. 
See  ante,  p.  13. 

1867,  Bee.  4,  7^  30~,  G.M.T.  Mr.  Knott  had  a  very  fair  view  of  the  small 
crater.  The  atmosphere  was  too  unsteady  to  set  the  wires,  but  from  the 
known  thickness  of  the  webs  Mr.  Ejiott  estimated  the  diameter  to  be  about 
l"-5. 

Projection  of  the  Yalfes  in  Table  11. 
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The  vertical  lines  represent  intervals  of  30  days ;  the  horizontal,  incre- 
ments of  0"'5.  Respighi's  estimate,  4"-0,  is  not  connected  with  the  curve, 
as  it  does  not  fall  in  with  the  other  estimates. 

In  the  following  Table  the  esti-nations  of  Schmidt  on  Dec.  13,1866,  and  Jan. 
25,  1867,  were  of  the  shadow-projecting  hill  and  the  fine  black  point  (see 
foot-note  on  p.  18).  These  features  were  also  seen  by  Buckingham.  After 
Feb.  11,  the  small  crater  was  the  object  generally  observed.  The  exact  date 
of  Kcspighi's  estimate  is  not  given. 
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Table  II. 

Esdmations  and  measures  of  the  diameter  of  the  small  crater  reduced  to 
29^  54'  40''=:aiig;iilar  distance  from  the  moon's  centre. 


Authority. 


SfJimidt. ...... 

Scfamidt 

Schmidt 

Schmidt. 

Seodii    

Schmidt 

Homns  ... 
Bockiiij^uun 
BnckiiigfaAm 


Epoch. 


1866*947 
1866983 
1867*066 
1867-066 
1867*111 
1867353 

1867-443 
1867-518 
1867*632 
1867-632 


Date. 


1866,  Dec.  13 

1866,  .,    26 

1867,  Job.  25 
1867,  „  25 
1867,  Feb.  IX 
1867,  May  10 

1867,  June  12 
1867,  Julj  9 
1867,  Aug.  20 
1867,    „     20 


Seconds. 

Eng.  feet. 

// 

0*27 

1918 

0-24 

1695 

o'i8 

1279 

0*27 

1918 

o*33 

2352 

o*45 

3»97 

4'oo 

28226 

I'OO 

7057 

1-71 

12067 

o-64» 

4516 

»*35t 

16583 

Fr.  metres. 


'  5847 
516-5 

389-8 

5847 
716-9 

974-4 
8603*4 

2150*9 

3678-0 

1376*6 

5054*5 


Opinions. 

In  the  preceding  parts  of  this  Appendix  facts  (as  given  hj  observation) 
only  are  mentioned.  Since  Schmidt's  announcement  of  change  several 
opinions  have  been  expressed  on  the  phenomena  observed.  It  is  manifestly 
desirable  to  avoid  hazarding  an  opinion  until  the  observations  on  the  one 
band  have  become  sufficiently  numerous  to  afford  a  solid  basis  on  which  to 
found  a  conclusion,  and  on  the  other  have  been  so  arranged  and  discussed 
that  that  conclusion  may  itself  partake  of  the  nature  of  a  more  general  fact. 
NererthelesSy  as  the  opinions  that  have  been  published  may  assist  (in 
connexion  with  the  observations)  in  arriving  at  a  safe  and  general  conclusion, 
they  are  given  in  the  order  in  which  they  refer  either  to  the  early  or  recent 
observations. 

Opnaoire  op  thb  White  Spot  vs  Schboteb's  time. 

For  Schroter's  description  of  the  spot  Vy  see  arde^  pp.  3  and  4. 

Mr.  HreeiNS  seems  to  regard  this  description  as  closely  agreeing  with  the 
appearance  of  Linne  at  the  present  time,  with  the  exception  of  the  interior 
crater. — Monthly  Notices,  vol.  xxvii.  p.  298. 

Professors  D'Abbest  and  Sen  jell  ebup  agree  with  Mr.  Huggins. — Astro- 
nomische  Nachrichten,  No.  1655. 

Schxtdt.  '*  Der  kleine  Crater  v  dasclbst  entspricht  am  ndchsten  dem  Orte 
des  linn^.*' 

Tratulatton. — ^The  small  crater  v  corresponds  nearest  to  the  place  of  linn^. 

Respighi.  ''II  est  positif  que  Schroter,  dans  ses  Selenotopograjphische 
FragmetUe,  Table  IX.,  repr^sente  cet  objet  avec  une  tache  blanche,  d'un  dia- 
m^tre  presque  ^gal  k  celni  du  crat^re  dc  Sulpicius  Gallus,  avec  la  trace  d'un 
petit  crat^re,  tel  qu'on  Tobserve  maintenant,  et  non  comme  quelques  uns  Font 
affirme,  sous  la  forme  d*une  grande  tache  noire ;  il  est  positif  que  lo  crat^re 
a  des  dimensions  k  pen  prds  ^gales  k  celles  que  lui  assignc  M.  Schmidt  lui- 
meme,  c'est-ii-dire  environ  quatre  millos  dc  diametre." — Eulletin  Meteorolo- 
giqae  de  rObservatoire  du  College  Eomain,  31  Mai  1867. 

Translation. — It  is  positive  that  Schroter,  in  his  Selenotcpogra^iihiscke  Frag^ 
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mente,  Table  IX.,  represents  this  object  as  a  nehite  spot  of  a  diameter  almost 
equal  to  that  of  the  crater  Sulpicius  Gallus,  with  the  trace  of  a  small  crater 
such  as  we  now  observe,  and  not  as  some  have  affirmed  under  the  form  of  a 
large  black  spot.  It  is  certain  that  the  dimensions  of  the  crater  are  almost 
equal  to  those  assigned  to  it  by  Schmidt  himself,  that  is  to  say,  about  four 
miles  in  diameter. 

Wolf.  '*  D'apr&s  la  note  mdme  de  K.  Schmidt,  Schroter  semble  ne  pas 
avoir  vu  linn^,  au  moins  comme  un  des  crat^rcs  principaux  de  la  mer  do 
Serenity,  bien  qu'il  en  ait  not^  de  plus  petits." — Comptes  Bendus,  S&noe  du 
17  Juin  1867. 

IVanalation, — ^From  the  note  Itself  of  M.  Schmidt,  Schroter  seems  not  to 
have  seen  linn^,  at  least  as  one  of  the  principal  craters  of  the  Mare  Serenitatis, 
although  he  has  noticed  some  smaller  (see  ante,  p.  4  b), 

Eecent  opihioh  of  the  Whitb  Spot. — Mr.  Slack,  writing  under  date  of 
Oct.  11, 1867',  says,  "  There  can  be  no  doubt  that  Linne  varies  in  appearance, 
sometimes  justifying  the  epithet  *  cloudy,'  at  others  gradually  toning  down 
&om  the  bright  central  part  to  an  edge  difficult  to  define  or  discriminate  from 
the  adjacent  portion  of  sea,  and  last  night  (see  observation,  ante,  pp.  7,  8) 
clear  at  the  margin  and  distinct  from  the  sea.''  Mr.  Slack  adds,  *'  But  is 
this  peculiar  to  Linnd  ?  I  think  not,  but  it  must  be  considered  in  relation  to 
pther  changes  of  tint  and  hue." 
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Herr  Schmidt,  1867,  Feb.  7.  "  Nachdem  nun  vior  Xunationen  hindurch 
die  sorgfaltigste  Friifung  dargethan  hat,  dass  '  linne,'  in  seiner  Tagesperiodc 
etwa  13  Tage  lang  als  kleine  Lichtwolke,  an  der  Li<^dgrenze  aher  durchaus 
niM  ah  Grater,  gesehen  wird,  sondem  zur  Zeit  sehr  geringer  Sonnenhohen 
iiberhaupt  ganz  unsichtbar  ist,  halte  ich  jetzt,  gcstiitzt  auf  Thatsachen  der 
Beobachtung,  den  Ausspruch  genugend  begriindot  '  dass  auf  dem  Momle 
gegenwdrtig  noch  Verdivderungen  eintreten,  die  durch  den  Wechsel  der  Bdeuch^ 
tung  nicht  erklart  werden  Jcdnnen,' " 

Translation. — Now  that  after  the  most  careful  examination,  continued 
through  four  lunations,  has  proved  that  Linne  in  its  day-period,  about  13 
days  long,  is  visible  as  a  small  white  cloud,  but  on  the  terminator  not  at  all  as 
a  crater,  whilst  at  the  epochs  of  very  small  sun-heights  it  is  quite  invisible, 
I  regard  it  as  satisfactorily  established,  relying  on  the  facts  of  the  observa- 
tions, that  changes  are  now  still  talcing  plane  on  the  moon,  which  cannot  he 
explained  by  the  differences  of  illumination, 

Herr  Sohmibt,  1867,  August  23.  In  a  letter  to  Mr.  Lynn  of  this  date, 
before  referred  to,  Herr  Schmidt  says,  "  Alle  Beobachtungen  lehren  einfach 
dcsselbe,  namlich,  dass  jetzt  an  Stelle  des  vormals  sehr  tiefen  und  5000 
Toisen  breiten  Graters  Linn^,  nur  noch  eine  nicht  vertiefte  belle  Flache  und 
ein  kleiner  Hiigel  gesehen  werden." 

Translation, — ^AJl  the  observations  teach  precisely  the  same  thing,  namely, 
that  in  the  place  of  the  formerly  existing  crater  in  Linn^,  which  was  very 
deep  and  5000  toises  wide,  there  can  now  be  seen  only  a  bright  spot,  not  a 
depression,  and  a  small  hill. 

FLAMMAmoir.  '*  Si  linn^  avait  eu  oet  aspect  k  T^poque  oti  Beer  et  Madler 
out  construit  leur  Mappa  Selenographiea  il  est  impossible  qu'ils  I'eusscnt  in- 
dique  comme  un  crat^re." — Comptes  Bendus,  torn.  Ixiv.  (20  Mai  1867)  No.  20, 
p.  1020. 

Translation, — ^If  linne  ha<i  bad  this  aspect  at  the  epoch  when  Beer  and 
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Madler  constmcted  their  Mappa  Selenographiea,  it  is  impossible  that  they 
ooold  hare  indicated  it  as  a  crater. 

^'  On  peut  done  penser  maintenant  quo  notre  satellite  n'est  pas  un  monde 
entierement  mort,  ct  que  des  mouTements  asse^  sensibles  pour  etre  tub  d'ici 
s^aecomplissent  intervalles  h  sa  surface/' 

Tmnslaiwn. — ^We  are  therefore  able  now  to  consider  that  our  satellite  is 
not  an  entirely  dead  world,  and  that  movements  at  intervala  on  its  surface 
ore  sensible  enough  to  be  seen  from  hence. 

PAnBB  Seochi,  Comptes  Eendus,  torn.  Ixiv.  25  Femer  1867,  p.  345. 

"  La  grandeur  de  Torifice  du  crat^re  etait  de  j  de  seconde  au  plus,  et  Faurdole 
etait  nn  pen  plus  lai^  que  Sulpicius  Gallvs,  J'insiste  sur  cette  comparaison, 
ear  elle  &it  voir  que  MM.  Madler  ot  Beer,  dont  j'employais  la  belle  carte, 
n'anraient  jamais  figurd  un  crat^re  aussi  grand  et  auasi  bien  fait  que  celui 
quails  assignent  k  llnhe,  pour  une  tache  blanche  comme  celle  qui  existe  4 
present;  en  effet  Stdpicius  Oallus  est  actueUement  beaucoup  plus  grand 
que  le  petit  cratere  qui  forme  le  centre  de  la  tache.  Ce  dernier  est  mSme 
encore  plus  petit  que  ces  autres  crateres  qu'on  indique  seulement  par  des 
lettres^  sans  leur  donner  de  nom,  et  qui  sent  repandus  k  grandes  oistanceB 
dans  le  Mare  Serenitatis,  "  Ou  ne  peut  done  douter  qu'il  y  ait  eu  un  change- 
meat,  et  il  parait  probable  qu'une  eruption  a  rempli  Tancien  cratSre,  d'une 
mati^re  asses  blanche  pour  paraitre  beaucoup  plus  daire  que  le  fond  de  la 
mer  qui  Fenvironne/' 

TrandtOum. — ^The  siEe  of  the  orifice  of  the  crater  was  at  most  J  of  a  second, 
and  the  aureole  was  a  little  larger  than  Sulpicius  OaUus.  I  insist  on  this 
comparison  because  it  shows  that  B.  &  M.  could  never  have  figured  a  crater 
as  big  and  as  well  marked  as  that  which  they  assigned  to  Linnd,  for  the 
white  qM>t  which  at  present  exists ;  in  fact  8ulpicius  Gallus  is  actually  much 
larger  than  the  little  crater  which  forms  the  centre  of  the  spot.  This  last  ia 
even  smaller  than  those  craters  which  are  indicated  merely  by  letters  with- 
out names,  and  which  are  distributed  at  great  distances  in  M.  SereniUUis,  It 
cannot  be  doubted  that  a  change  has  taken  place,  and  it  seems  probable  that 
an  eruption  has  filled  the  ancient  crater  with  a  material  white  enough  to  look 
blight  against  the  dark  ground  of  the  sea. 

Chabookkac.  "  S'il  est  vrai,  comme  I'a  decrit  Lohrmann,  que  c'etait  un 
crat^ra  profondement  sculpts  dans  la  plaine,  representant  Faspect  d'un  creux, 
rond  comme  un  pot,  il  est  incontestable  que  ce  cratere  s'est  effac^  et  qu'il 
n'en  est  reste  qu'une  surface  blanohe." — Comptes  Rendus,  torn.  bdv.  (20  Mai 
1867)  p.  1022. 

Translaiion, — ^If  it  be  true,  as  described  by  Lohrmann,  that  this  was  a  deep 
erater  scnlptnred  in  the  plain  and  represented  by  the  aspect  of  a  pit,  round 
88  a  pot,  it  is  incontestable  that  this  crater  is  effaced  and  that  there  remains 
nothing  of  it  but  a  white  surface. 

^  Une  demise  eruption  dans  le  vide  efface  done  ce  cratere  en  comblant  le 
creox  et  en  annulant  les  ramparts  en  forme  de  bourrelet.  Get  important  ph^- 
nom^ne  montre  que  Factivite  volcanique  de  notre  satellite  persiste  encore.'' 

IVanricUum.— The  last  eruption  therefore  effaced  the  void  of  this  crater  in 
filling  the  pit  and  reducing  the  ramparts  to  the  form  of  a  hood.  This  im« 
portant  phenomenon  shows  that  the  volcanic  activity  of  our  satellite  still  con- 
tinues. 

Wou.  "  En  r^sum^,  k  part  Findication  foumie  par  les  cartes  de  Lohrmann 
et  de  Beer  et  Madler,  k  laquelle  on  peut  opposer  la  contre-indication  de  Lahire 
et  de  Schioter,  nous  ne  poss^ons  actuellement  qu'un  seul  document  positif 
SOT  le  chaogement  qu'aurait  subi  Linne ;  o'est  Faffirmation  de  M.  Schmidt  que 
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868  notes  et  scs  dessiiis  do  1841  representent  cet  objct  autrement  qu'on  ne  le 
Yoit  maintenant." — Comptes  Bendus,  torn.  Ixiv.  (17  Juin  1867). 

Translation, — Eesume: — Apart  from  the  indicationB  fumisliedbj  the  maps 
of  Lohrmann  and  Beer  and  Miidler,  to  which  we  are  able  to  oppose  the  contra- 
indication of  Lahire  and  of  Schroter,  we  actually  possess  only  one  positive  docu- 
ment on  the  change  which  linn^  has  undergone :  this  is  the  affirmation  of 
M.  Schmidt,  that  his  notes  and  his  drawings  in  1841  represent  this  object 
otherwise  than  as  we  now  see  it. 

M.  DE  Beavhont.  '*  Au  suiplus  on  doit  ddsirer  que  les  observations  rela- 
tives k  la  permanence  absolue  ou  k  de  tr^  l^g^res,  alterations  des  accidents 
de  la  surface  lunaire  se  multiplient,  car  une  seule  alteration  mdme  tr^s  leg^re, 
suffirait  si  elle  etait  bien  constat^e  pour  ^tablir  que  la  vie  giologiqut  encore 
dans  rinterieur  de  la  lune  aussi  bien  que  dans  Tinterieur  de  la  terre." — 
Comptes  Eendus,  torn.  Ixiv.  (17  Juin  1867)  p.  1242. 

Translation, — Moreover  it  is  to  be  desired  that  observations  relative 
to  the  absolute  permanence^  or  to  very  small  alterations  of  the  details  of  the 
lunar  surface,  should  be  multiplied ;  for  even  only  one  very  small  change^  if 
it  were  fully  proved,  would  be  sufficient  to  establish  that  geological  life  is 
still  in  the  interior  of  the  moon  as  well  as  in  the  interior  of  the  earth. 

Bespiohi.  "  Je  crois  done  pouvoir  conclure  que  le  cratere  n'a  pas  eprouve 
de  changement  sensible  ou  du  moins  que  les  arguments  produits  en  faveur 
de  cc  changement  sent  vagues  et  ne  sent  pas  concluants." 

Translatum, — I  therefore  think  that  we  may  conclude  that  a  sensible  change 
of  the  crater  is  not  proved,  or  at  least  that  the  arguments  produced  in  fieiToiir 
of  this  change  are  vague  and  inconclusive* 

I  am  greatly  indebted  to  my  friend  Mr.  Lynn,  of  the  Boyal  Observatory, 
Greenwich,  for  his  assistance  in  kindly  translating  the  records  and  opinions 
of  Foreign  observers,  and  also  in  furnishing  the  additional  observations  by 
Herr  Schmidt.  Y^^  j^   ^ 


Third  Report  of  the  Committee  for  Exploring  KenVs  Cavern,  Devon^ 
shire.  The  Committee  consisting  of  Sir  Chables  Lyell,  Bart,, 
Professor  Phillips,  Sir  John  Lubbock,  Bart.,  Mr.  John  Evans^ 
Mr.  Edward  Vivian,  Mr.  George  Busk,  and  Mr.  William  Pen- 
OELLY  (Reporter). 

The  Beports  presented  by  the  Committee,  in  1865  and  1866,  render  it 
unnecessary  to  give  a  detailed  description  of  cither  the  situation  or  the  cha- 
racter of  Kent's  Hole.  The  Cavern  may  be  briefly  stated  to  consist  of  two 
parallel  series  of  chambers  and  galleries — an  eastern  and  a  western ;  and  to 
have  two  external  openings  or  entrances — a  northern  and  a  southern.  Tho 
entrances  occur  in  one  and  the  same  low  vertical  cliff,  on  the  eastern  side  of 
the  hill  in  which  the  Cavern  is  situated.  They  are  nearly  on  the  same  level, 
about  50  feet  apart,  from  180  to  190  feet  above  the  level  of  mean  tide,  and 
about  70'fect  above  the  bottom  of  the  valley  immediately  adjacent. 

The  Committee  have  found  it  convenient  to  assign  names  to  the  various 
branches  of  the  Cavern ;  and  in  order  to  avoid  the  risk  of  confusion,  they 
have  retained  those  which  had  been  previously  bestowed  by  the  Bev.  J. 
M'Enery  and  others. 

The  northern  entrance,  opens,   through  a  short  narrow  passage,  into  a 
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somewliat  spacious  chamber — the  most  northerly  of  the  eastern  series, — ^which 
Mr.  M'Enery  termed  the  "  Vestibule,"  or  **  Sloping  Chamber."  It  measures 
about  64  feet  from  north  to  south,  and  28  from  east  to  west. 

From  the  north-western  angle  of  the  Vestibule,  a  gallery,  about  32  feet 
long,  and  Tarying  from  6  to  14  feet  broad,  extends  in  a  north-easterly  direc- 
tion, and  is  known  as  the  ^*  North-east  Gallery." 

Aboat  22  feet  south  of  the  entrance  of  this  Gallery,  an  opening  in  the 
western  wall  of  the  Vestibule,  about  35  feet  wide,  leads  into  the  western 
series  of  galleries  and  chambers.  So  far  as  is  known,  this  is  the  only  passage 
connecting  the  two  series. 

A  passage,  about  22  feet  in  length  and  var}*ing  from  19  to  27  feet  in 
breadUi,  which  Mr.  M*Enery  termed  the  '*  Passage  of  Urns,"  leads  out  of  the 
Vestibnle  southwards  into  the  most  spacious  chamber  of  the  eastern  series, 
which,  therefore,  has  been  termed  the  ''  Great  Chamber."  It  measures  about 
62  feet  from  cast  to  west,  and,  where  longest,  53  from  north  to  south.  In 
its  eastern  side  is  the  second  or  southern  entrance  of  the  Cavern  ;  and  from 
its  hack  or  western  wall — almost  immediately  opposite  the  entrance — there 
extends  a  ad  cU  sacin  a  westerly  direction,  for  about  29  feet,  and  varying  in 
breadth  from  15  to  10  feet.     This  is  known  as  tJie  '^Gallery." 

The  Great  Chamber  opens  southwards  into  an  apartment  measuring  about 
40  feet  from  north  to  south  and  26  from  east  to  west.  From  the  fact  that, 
daring  the  last  twenty  years,  Mr.  Vivian  has  frequently  lectured  in  the  Cavern, 
and  has  on  these  occasions  always  taken  his  stand  here,  this  apartment  has 
rec^ved  the  name  of  the  *'  Lecture  Hall " — a  designation  which  it  is  proposed 
to  retain. 

About  12  feet  north  of  the  junction  of  the  Great  Chamber  and  the  Lec- 
ture Han,  a  gallery  opens  out  of  the  eastern  wall  of  the  former,  in  a  south- 
easterly direction.  Its  width  is  about  7  feet  at  the  entrance,  and  its  length, 
which  at  present  is  undetermined,  exceeds  30  feet.  The  entrance  of  a 
similar  and  parallel  gallery  occurs  near  the  south-eastern  comer  of  the  Lec- 
ture Hall.  In  accordance  with  the  names  given  them  by  Mr.  M^Enery, 
they  are  respectively  termed  the  "  North  "  and  "  South  Sally  Ports." 

The  Lecture  Hall  opens  southwards  into  a  gallery  about  17  feet  wide,  and 
at  least  50  feet  long ;  but  as  its  further  end  is  blocked  up  with  large  accu- 
mulations of  stalagmite  and  stalactite,  its  true  dimensions  are  at  present 
unknown. 

Daring  the  year  which  has  elapsed  since  their  Second  Report  was  sent  in, 
the  Committee  have  continued  their  labours  uninterruptedly ;  the  Superin- 
tendents have  made  daily  visits  to  tho  Cavern ;  the  methods  of  excavation 
and  investigation  described  in  detail  in  the  First  Report,  and  which  render  it 
easy  to  define  accurately  the  position  of  every  object  found,  have  been  uni- 
formly followed ;  th^  daily  journal  has  been  carefully  kept ;  and  monthly 
reports  of  progress  have  been  regularly  forwarded  to  the  Chairman  of  the 
Committee. 

From  the  commencement  to  the  present  time,  the  work  has  been  carried 
on,  under  the  direction  and  inspection  of  the  Superintendents,  by  the  same 
two  workmen — Charles  Keeping  and  George  Smeardon — and  the  Committee 
have  great  pleasure  in  stating  that  nothing  can  surpass  their  zeal,  industry, 
intelligence,  and  int^irity. 

The  investigation  naturally  excites  much  interest  amongst  the  visitors  and 
Tcsidents  at  Torquay,  and  draws  a  considerable  number  of  them  to  the 
Cavern.  But,  whilst  every  reasonable  facility  is  afforded  them  for  witnessing 
the  operations,  no  one  is  admitted  to  those  parts  which  are  under  examina- 
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tion  unless  accompanied  by  one  of  the  Superintendents.  The  other  bnmohes, 
and  these  only,  are  shown  to  yisitors  by  the  guide  appointed  by  the  proprie- 
tor, Sir  L.  Falk,  Bart.,  M.P.  Such  visits,  however,  can  be  mfide  only  when 
the  Committee's  workmen  are  present,  by  whom,  and  not  by  the  guide,  the 
keys  are  kept.  In  short,  every  care  is  taken  to  find  all  the  objects  really 
^belonging  to  the  Cavern ;  and  every  precaution  to  prevent  anything  being 
maliciously  or  mischievously  placed  in  the  deposits  for  the  workmen  to  find. 
Amongst  the  visitors  during  the  present  year,  the  Superintendents  had 
the  pleasure  of  receiving  Captain  Galton,  Mr.  Godwin-Austen,  Mr.  Gwyn 
Jeffireys,  and  Mr.  Prestwich — all  members  of  the  British  Association.  They 
were  conducted  over  the  Cavern  by  the  Superintendents,  the  mode  of  opera- 
tion was  fuUy  explained  to  them,  and  they  inspected  a  large  and  character- 
istic series  of  the  fossils,  as  well  as  of  the  filnt  implements  and  other  relics  of 
human  industrial  art,  which  the  Cavern  has  yielded. 

Hitherto  the  labours  of  the  Committee  have  been  confined  to  the  eastern 
series  of  gaUeries  and  chambers.  Of  these,  the  Great  Chamber,  the  Gallery, 
the  Passage  of  Urns,  the  Vestibule,  and  the  North-east  Gallery  have  been 
completely  explored  to  the  depth  of  4  feet  below  the  base  of  the  Stalag- 
mitic  floor ;  to  which,  £rom  the  beginning,  and  as  a  first  exploration,  the 
excavation  has  been  restricted.  In  the  Lecture  Hall,  in  which  the  workmen 
are  at  present  engaged,  considerable  progress  has  been  made.  On  its  com- 
pletion, it  is  intended  to  proceed  to  the  gallery  leading  out  of  it  southwards, 
and  then  to  the  Sally  Ports. 

Mr.  M'Enery  and  the  other  early  explorers  carried  on  some  part  of  their 
researches  in  a  small  portion  of  the  Vestibule,  and  in  the  Lecture  Hall.  In 
the  latter  their  works  were  probably  on  a  somewhat  larger  scale.  Unfor- 
tunately, instead  of  taking  out  of  the  Cavern  that  portion  of  the  deposits 
which  they  had  examined,  they  simply  threw  it  on  one  side.  The  Commit- 
tee have  found  it  necessary  to  remove  this  disturbed  material,  and,  in 
doing  this,  they  have  examined  it  with  a  care  almost  equal  to  that  they 
bestow  on  the  virgin  ground.  The  result  has  been  the  discovery  of  a  large 
number  of  fine  specimens  of  teeth  and  other  relics  of  the  ordinary  Cave 
mammalia,  which  were  either  unnoticed  or  neglected  by  the  early  explorers. 
Indeed,  the  largest  Mammoth  molar  which  the  Committee  have  found 
occurred  in  these  old  workings.  In  order  to  the  thorough  investigation  of 
cavern  deposits,  they  must  be  removed  without  the  cavern — ^partly  to  Recnre 
their  complete  examination  by  daylight,  and  also  to  preveiit  the  commingling 
of  disturbed  and  undisturbed  soil.  Great  as  may  be  the  palsDontological 
value  of  the  specimens  thus  recovered,  they  can  be  of  no  service  as  evidence 
on  questions  of  chronology  or  contemporaneity,  as  they  are  confusedly  mixed 
up  with  objects  belonging  to  many  and  widely-separated  eras.  Hence  the 
Committee  have  carefdlly  kept  them  apart  fhun  tiie  specimens  yielded  by 
the  ground  which  was  unquestionably  intact. 

Except  in  one  limited  locality,  to  be  noticed  hereafter,  the  succession  of 
deposits  in  the  Cavern  has  been  uniformly  the  same  as  that  described  in  the 
two  previous  Beports,  vix. : 

Fust,  or  uppermost :  Huge  angular  blocks  of  limestone. 

Second :  ^ok  Mould,  from  3  inches  to  upwards  of  a  foot  in  depth. 

Third :  Stalagmitic  Floor,  varying  in  thickness  from  3  inches  to  as  many 
feet,  but  usually  ranging  from  about  12  to  18  inches. 

Fourth,  or  lowest  yet  found:  Bed  *' Cave -earth,"  with  angular  pieces 
of  limestone,  and  occasionally  rounded  stones  of  kinds  not  derivable  from  the 
Cavern  hiU. 
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Th«  excepted  locality,  just  mentioned,  was  a  part  of  the  Vestibule,  where 
a  layer  of  black  soil,  apparently  identical  with  that  found  almost  everywhere 
above  the  Stalagmitic  Floor,  occurred  beneath  the  floor.  This  layer,  termed 
&e  '<  Black  Band,"  was  of  irregular  outline,  and  covered  an  area  of  about 
100  square  feet.  It  contained  numerous  bits  of  charcoal,  and  varied  in 
thiekness  from  2  to  6  inches.  Throughout  about  half  of  its  area,  it 
immediately  underlay  the  Stalagmite,  but  elsewhere  it  was  separated  &om 
the  neiher  surface  of  the  floor  by  a  layer  of  ordinary  Bed  Cave-earth, 
from  3  to  6  inches  in  thickness.  At  its  nearest  approach,  it  was  32  feet 
from  tiiie  northern  entrance ;  but  as  a  great  part  of  the  intermediate  ground 
had  been  broken  up  by  the  early  explorers,  it  is  impossible  to  say  whether 
or  not  it  fonnerly  extended  farther  in  that  direction.  Ko  trace  of  such 
Biaterial  beneath  the  Stalagmite  has  been  encountered  by  the  Committee 
elsewhere.  The  floor  immediately  overlying  the  Black  Band  was  loaded 
with  fedlen  blocks  of  limestone,  which  were  heaped  one  on  another,  and 
cemented  by  stalagmitic  matter  into  a  firm  grotesque  pile.  This  mass  rose 
to  the  roof  of  the  Cavern,  and  originally  extended  from  its  eastern  almost 
to  its  western  wall,  thereby  dividing  the  Vestibule  into  two  separate  cham* 
bers.  Mr.  M'Enery  states  that  when  he  first  visited  the  Cavern,  before  some 
of  the  impediments  were  removed,  the  only  passage— on  the  west  side^was 
**  aeoompliBhed  on  all  fours"*.  A  few  years  ago.  Sir  L.  Palk  had  a  more 
eonvenient  passage  cut  through  the  pile  on  its  eastern  side.  In  the  course 
of  tfaesr  researches  the  Committee  have  had  to  remove  the  entire  mass. 

The  Black  Mould  overlying  the  Stalagmitic  Eloor  has,  during  the  last  twelve 
months,  yielded  a  large  number  of  objects,  such  as  were  described  in  the 
BqKffts  of  1865  and  1866,  as  well  as  several  of  which  no  examples  had 
been  previously  found.  Marine  shells  occurred  eveiywhere  in  this  accumula- 
tion, bat  in  the  Vestibule  .they  were  very  abundant ;  those  of  the  common 
oyster  sometimes  forming  considerable  heaps.  It  does  not  appear  that  in  all 
cases  they  are  necessarily  to  be  regarded  as  evidence  of  a  molluscous  diet, 
since  many  of  them,  cMefly  pectens  and  oysters,  were  certainly  "  dead " 
valves,  as  serpuhe  and  other  small  shells  are  attached  to  their  inner  surfaces. 
Potsherds  also  have  been  numerous ;  but  though  some  of  them  are  of  con^ 
Bidcrable  sixe,  nothing  approaching  a  perfect  vessel  has  been  found.  Judging 
from  the  varied  forms  of  ornamentation  on  them,  the  pieces  represent  a 
large  number  of  utensils.  In  most  cases  they  are  composed  of  a  coarse  clay, 
having  an  admixture  of  small  stones. 

Three  spindle-whorls  have  been  added  to  the  collection.  One  of  them  is 
composed  of  coarse  grit,  and,  unlike  all  the  others  which  have  been  met  with 
in  the  Cavern,  its  upper  and  lower  surfaces  are  curved,  and  give  it  an  oblate 
qiheroidal  form.  Either  for  ornamentation  or  some  unguessed  purpose  of 
utihty,  a  groove  has  been  out  round  its  greatest  circuinference.  The  two 
remaining  whorls  are  of  slate,  and  have  numerous  ornamental  lines.  In 
this  connexion  may  be  mentioned  an  Amber  **  bead,"  larger  than  some  of 
the  whorls,  and  in  form  resembling  the  grit  whorl  just  mentioned. 

Flakee  of  both  black  and  white  flint,  but  chiefly  the  former,  have  occurred 
ia  large  numben.  During  the  last  twdve  months,  not  fewer  than  about  220 
weie  found  in  this  overlying  Black  Mould.  Almost  all  of  them  were  met 
vith  in  the  Vestibule,  and  it  seems  not  improbable  that,  at  least,  some  of 
the  white  specimens  were  dng  up  from  the  Bed  Cave-earth,  and  either  lost 
or  neglected  by  the  earlier  explorers. 

*  GsTf  m  Bcsearehet,  page  5. 
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Amongst  the  metal  articles,  there  are  a  small  bronze  hook,  an  almost  per- 
fect bronze  socketed  celt,  a  haltpenny  of  1806,  and  a  sixpence  of  1846. 
■  The  bone  implements  include  an  awl ;  a  portion  of  some  prismatic  tool  with 
rounded  edges,  and  having  on  its  surface  a  series  of  equidistant  grooves  or 
notches,  such  as  to  suggest  that  it  may  be  part  of  a  measuring  rod ;  two  bone 
combs,  and  fragments  of  two  others.  The  combs  belong  to  the  same  class  as 
that  described  in  the  First  Eeport — *^  having  the  form  of  a  shoe-lifter,  with 
teeth  at  the  broad  end."  One  of  them  is  small,  and  rudel^rformed  ^  the  other 
is  larger,  and  is  highly  finished.  Two  parallel  lines  traverse  its  surface,  in  a 
zigzag  series,  from  end  to  end.  At  the  end  opposite  that  containing  the 
teeth,  there  is  a  hole,  as  if  for  suspending  it.  This  interesting  object,  the 
two  fragments  of  combs,  the  grit  spindle- whorl  previously  mentioned,  a  cockle 
shell,  several  potsherds,  and  a  bone  cut  with  some  keen-edged  tool  were  found 
in  the  south-eastern  portion  of  the  Great  Chamber,  where  the  overlying  Black 
Mould  was  itself  overlaid  by  a  cake  of  stalagmite,  which  was  attached  to  the 
wall  of  the  cavern,  from  1  to  2  inches  thick,  and  which  measured  7 
feet  from  north  to  south  by  6  from  east  to  west.  In  many  instances,  sta- 
lagmite, fully  as  thick,  had  been  found  on  the  large  blocks  of  limestone  lying 
on  the  Black  Mould  ;  but  this  was  the  first,  and,  indeed,  \a  at  present  the  only 
example  of  such  a  cake  formed  immediately  on  the  Black  deposit  itself.  The 
interest  attaching  to  it  lies  in  the  fact  that  there  the  lodgement  of  the  Black 
Mould  had  closed  before  the  formation  of  the  stalagmite  lying  on  it  had 
begun ;  and  that  thus  a  certain  amount  of  antiquity  is  secured  for  the  objects 
which,  as  has  just  been  stated,  were  found  sealed  up.  In  short,  the  geolo- 
gical evidence  concurs  with  the  archseological. 

The  overlying  Black  Mould  has  continued  to  yield  a  large  nnmber  of  bones 
of  various  mammals  and  birds,  none  of  them  probably  belonging  to  extinct 
species.  In  this  series,  the  most  interesting  objects  found  during,  the  last 
year,  are  several  portions  of  the  human  skeleton — including  vertebrae,  parts 
of  lower  jaws  containing  teeth,  several  loose  teeth,  and  a  skull.  The  skull 
was  found  about  6  inches  below  the  surface,  adjacent  to  the  limestone  rock, 
and  immediately  within  the  northern  external  entrance  of  the  Cavern.  The 
other  human  remains  were  met  with  in  different  parts  of  the  Vestibule,  and 
on  different  occasions.  The  first  relic,  indeed,  the  first  vestige  of  tiie  human 
skeleton  met  with  during  the  present  exploration,  was  part  of  a  lower  jaw 
containing  two  molars,  and  was  found  in  Pecember  1866. 

The  Stalagmitic  Floor  has  presented  its  usual  characters ;  being  sometimes 
ciystalline  and  extremely  hard,  and  at  others  granular  and  comparatively  soft. 
Not  unfrequently  it  is  composed  of  thin  lamina;,  alternately  crystallire  and 
granular.  The  Committee  have  still  to  report  that  comparatively  few  objecis 
have  been  found  in  it.  Amongst  those  which  have  presented  themoelves,  are 
stones  of  different  kinds,  charcoal,  flint  flakes  and  cores,  and  remains  of  various 
animals,  including  the  bear,  fox,,  horse,  and  man.  The  stones,  when  not 
fragments  of  limestone,  are  commonly  well-rounded,  and  were  probably 
selected  at  the  adjacent  sea  shore.  One  of  the  artificially  fonred  flints  has 
the  appearance  of  being  a  fragment  of  a  polished  celt,  or  axe,  and  is  the  only 
specimen  of  the  kind  which  has  been  found  in  the  Cavern.  Since  the  Second 
Keport  was  sent  in,  a  total  of  ten  flakes  and  chips,  of  probably  artiflcial 
origin,  have  been  met  with  in  the  Stalagmite.  The  human  remains  are  a 
tooth,  and  a  portion  of  an  upper  jaw  containing  four  teeth.  They  were 
found  lying  together  in  the  Vestibule,  about  30  feet  from  the  northern  en- 
trance of  the  Cavern,  and  deeply  imbedded  in  the  floor,  which  was  20  inches 
thick.    These  interesting  relics — the  most  ancient  remains  of  man's  osseous 
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system  ^hich  the  Cavern  has  yet  yielded — ^were  found  oKl  tn^BM  of  jMjuary,  w 
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The  Black  Band  below  the  Stalagmitic  Floor  was  extremeJ^^jgj^  wyjt^ 
many  of  which  are  of  great  interest.     They  include  bones  and  teeth  of  yanous 
aniiDalSy  and  traces  of  the  presence  of  man.     The  list  of  animals  represented 
in  ^UB  Band  includes  the  ox,  deer  (more  than  one  species),  horse,  badger^ 
besr,  fox,  Bhinoeeros  tichorhinus  and  Hyama  spelcea. 

The  indications  of  human  existence  are  chips,  flakes,  cores,  and  implements 
of  flint ;  bone  tools ;  and  bones  partially  burnt.  The  flint  specimens  form  a 
total  of  366  in  number,  or  about  ten  on  the  average  in  every  cubic  foot  of  the 
mateiial  composing  the  Black  Band.  Though  many  of  them  are  mere  chips, 
and  the  majority  are  flakes,  no  inconsiderable  number  are  more  or  less  per- 
lieet  lanceolate  implements.  By  far  the  greater  number  are  white,  and  have 
an  almost  chalky  aspect  and  texture.  Some  of  them  are  so  extremely  fragile 
as  to  break  on  tiie  least  pressure.  It  appears  utterly  impossible  to  suppose 
that  they  were  introduced  into  the  Catem  by  other  than  human  agency,  or 
that  they  had  ever  been  moved  from  the  spot  where  they  were  primarily 
lodged.  The  bone  tools  are  two,  perhaps  three,  in  number.  One  of  them  is 
an  awl  about  d|  inches  long,  and  cut  at  one  end  to  a  sharp  point.  It  was 
foand  on  the  27th  of  November  1866,  beneath  a  floor  of  Stalagmite  16  inches 
thick,  and  perfectly  intact  and  continuous  in  all  directions,  at  a  spot  about 
40  feet  from  the  northern  entrance  of  the  Cavern.  The  second  tool  is  a  por- 
tion of  a  so-called  harpoon,  barbed  on  one  side  only,  and  about  3|  inches  long. 
It  was  found  on  the  17th  of  January,  1867.  The  third  is  of  a  nondescript 
and  doubtful  character. 

WiUi  the  exception  of  the  Black  Band — found  only  in  one  branch  of  the 
Cavern,  and  occupying  a  very  Umited  space— the  deposit  below  the  Stalag- 
jnitic  Floor  is  everywhere  toWably  uniform  in  character — Bed  Cave-earth 
with  angular  fragments  of  hmestone.    The  latter  vary  from  mere  splinters  to 
blocks  weighing  many  tons.    Typically,  this  Cave-earth  may  be  said  to  be 
composed  of  about  equal  parts  of  loam  and  stones ;  but  in  some  places  the 
latter  greatly  preponderate,  whilst  in  others  the  former  is  most  prevalent. 
Boiled  stones,  not  derivable  from  the  Cavern  hill,  occur  here  and  there  in 
erery  part  which  has  been  explored ;  but  in  those  branches  with  which  the 
Committee  have  been  occupied  during  the  last  twelve  months,  they  have  not 
been  so  numerous  as  they  were  in  the  Gallery  described  in  the  Second  Beport. 
Blocks  of  stalagmite,  the  broken  remnants  of  an  old  floor,  continue  to  be 
ab^mdont.     They  occur  at  all  levels,  both  in  the  Cave-earth,  and  in  the 
Stalagmitic  Floor  which  the  Committee  found  intact,  and  occasionally  they 
project  obliquely  through  the  latter  to  the  height  of  a  foot  or  more.     Many  of 
them  are  of  considerable  size,  measuring  upwards  of  a  cubic  yard.     Indeed 
one  block,  in  the  Lecture  Hall,  measured  fully  three  cubic  yards.     So  far  as 
at  present  appears,  no  part  of  the  Cavern  is  exempt  from  them,  with  the  ex- 
ception of  that  part  of  the  Great  Chamber  extending  from  the  soutlicrn  en- 
trance to  40  feet  within  it.     From  their  first  appearance,  it  was  obvious 
that  they  were  either  of  stalagmitic  or  of  stalactitic  origin.    Their  structure 
was  strongly  in  favour  of  the  former  view,  and  this  has  been  recently  con- 
finned  by  the  discovery  of  stones  and  bones  incorporated  within  several  of  the 
blocks  found  in  the  Lecture  Hall.  It  was  stated  in  the  First  Beport  that  matter 
of  probably  faecal  origin  was  frequently  met  with  in  the  Cave-earth  in  the 
Great  Chamber.  A  lai^e  quantity  of  this  material,  frequently  forming  comtider- 
able  heaps,  was  found  in  the  southern  portion  of  this  Chamber,  which  has 
been  recently  explored.    With  the  exception  of  a  few  small  pieces  in  the 
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Lecture  HaJl,  nothing  of  the  kind  has  presented  itself  in  the  other  branches 
of  the  Cavern  which  the  Committee  have  yet  investigated. 

In  the  Lecture  Hall,  as  well  as  in  the  immediately  adjacent  part  of  the 
Great  Chamher,  a  series  of  subterranean  tunnels  have  occasionally  been  broken 
into  by  the  workmen.  They  are  more  or  less  cylindrical,  sensibly  hotisontal, 
and  except  in  rare  cases,  upwards  of  4  feet  below  the  upper  surface  of  the 
Cave-earth.  Their  size  appears  pretty  uniform,  and  is  such  as  would  allow 
a  fox,  or  perhaps  a  badger,  to  turn  in  them.  Mr.  M'Enery,  who  mentions 
them,  thinks,  and  with  much  probability,  that  they  are  ''  Foz-earths/' 

Fragments  of  burnt  bone  have  been  found,  here  and  there,  in  the  Cave* 
earth  in  every  chamber  and  gallery. 

No  other  branch  of  the  Cavern  has  proved  to  be  quite  so  rich  in  bones  as  the 
Great  Chamber,  the  larger  portion  of  which  was  explored  in  1865,  and  of 
which  the  particulars  were  given  in  the  Report  presented  that  year.  Never- 
theless, a  very  large  number  of  teeth  and  other  remains  of  the  ordinary  cave 
mammals  have  been  exhumed  from  the  Ked  loam  during  the  last  twelve 
months.  It  may  be  doubted,  however,  whether  any  important  additions  have 
been  made  to  the  list  of  animals  given  in  the  two  previous  Reports.  As  a 
provisional  statement,  the  mammals  represented  by  ^e  vast  collection  which 
has  now  been  made,  may  be  still  said  to  be  the  Cave-bear,  Cave-Uon,  Cave* 
hyeena,  Fox,  Horse  (probably  more  than  one  species).  Ox,  several  species  of 
Deer,  tiie  tichorhine  Rhinoceros,  Mammoth,  and  Badger.  The  condition  of  the 
bones  is  the  same  as  that  of  those  described  in  the  previous  Reports.  Many  of 
them  are  of  an  almost  chalk-b'ke  whiteness,  whilst  others  are  discolored ;  some 
are  more  or  less  coated  with  films  of  stalagmite ;  many  are  merely  fragments 
or  splinters ;  a  considerable  number  have  been  gnawed ;  those  found  imme- 
diately under  heavy  blocks  of  limestone  are  crushed ;  several  are  split  longi- 
tudinally in  such  a  manner  as  to  betoken  human  agency ;  they  are  all  cha- 
racterized by  a  specific  gravity  greater  than  that  of  the  bones  found  in  tiie 
Black  Mould  overlying  the  Stalagmitic  Floor ;  on  the  tongue  being  applied  to 
them,  they  all  more  or  less  adhere  to  it ;  and  in  no  instance  have  &e  elements 
of  an  entire  skeleton,  or  anything  approaching  it,  been  found  together.  It  is 
still  true  that,  so  far  as  is  known,  no  bone  or  tooth  of  Machairodus,  Hippopo- 
tamus, or  Man  has  yet  been  found  in  the  Cave-earth. 

The  Red  earth  has  also  yielded  a  considerable  number  of  chips  and  fialies 
of  flint  during  the  last  twelve  months.  The  aggregate  from  the  four  foot- 
levels  amounts  to  238  specimens,  which  were  thus  distributed :  120  in  the 
first  foot-level,  63  in  the  second,  36  in  the  third,  and  29  in  the  fourth  or  low- 
est. There  are  not  amongst  them  any  ovate  implements,  nor  can  the  series 
as  a  whole,  perhaps,  be  regarded  as  quite  equal  in  interest  to  those  which  were 
described  in  the  Reports  of  1865  and  1866.  The  artificially  wrought  flints, 
inclusive  of  chips  and  flakes,  which  have  been  found  in  the  Cavern  during 
the  last  twelve  months,  form  a  total  of  834 ;  =220  from  the  overlying  Black 
Mould,  +10  from  the  Stalagmitic  Floor,  +366  from  the  Black  Band,  +238 
from  the  Red  Cave-earth. 

Though  the  Committee  have  not  on  this  occasion  the  pleasure  of  laying 
before  the  Association  any  highly-wrought  flint  implements,  they  have  the 
gratification  of  producing  tools  formed  of  another  material,  and  of  a  kind  not 
previously  found  in  the  Cavern.  Though  it  may  be  difficult  to  understand  it, 
there  is  reason  to  believe  that  a  few  persons  continue  to  be  sceptical  respecting 
the  artificial  character  of  even  the  best  unpolished  fiint  implements  found  in 
the  Cavern  or  elsewhere.  The  Committee  venture  to  entertain  the  opinion 
that  the  evidence  which  the  last  twelve  months  have  put  into  their  possession 
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rendecB  it  impoeeible  for  any  one  to  doubt  that  Man  occupied  Deyonaliire 
when  it  was  also  the  home  of  the  extinct  Kon^  hy»na,  bear^  rhinoceros^  mam- 
modi,  and  their  contemporarieB. 

Of  the  tools  alluded  to,  two  have  already  been  mentioned — the  bone  awl  and 
the  <*  harpoon ''  found  in  the  Black  Band,  beneath  the  Stalagmitic  Floor,  in 
the  Vestibule.  As  has  been  stated,  in  thia  same  thin  band  there  occurred, 
irith  the  implements  just  mentioned,  teeth  of  rhinoceros,  hyaena,  and  other 
oi  the  common  cave  mammals ;  and  the  story  they  tell  is  at  once  dear  and 
resistless.  These,  however,  are  neither  the  only,  nor  the  best  bone  implc- 
menta  whidi  have  been  exhumed.  Two  others  have  been  met  with,  and  both 
of  them  in  the  Bed  Cave-earth,  below  the  Black  Band.  One  is  a  portion  of  a 
highly  finished  '*  harpoon,''  2|  inches  in  length,  and  differing  from  that  pre- 
viously mentioned,  in  the  form  of  its  point,  and  in  being  barbed  on  two  sides. 
To  use  a  hotanical  term,  the  barbs  are  **  opposite,"  not  "  alternate,''  as  is  the 
case  with  many  of  the  doubly-barbed  implements  of  the  kind  found  in  cer* 
tain  French  caverns.  It  is  worthy  of  remark  that  whilst  in  France  the  same 
cavern  has  rarely,  if  ever,  yielded  both  singly-  and  doubly-barbed  "  harpoons/* 
an  example  of  each  kind  has  been  found  in  Kenf  s  Hole.  This  implement 
▼as  met  with  on  March  18th,  1867,  in  the  Yestibule,  in  the  second  foot-level 
of  Bed  Cave-earth.  Yertically  above  these  2  feet  of  loam,  there  lay  the  Black 
Band  about  3  inches  thick,  and  containing  flint  flakes  and  remains  of  extinct 
V^imnalg  •  ovcr  tMs  again  came  the  Stalagmitic  Floor,  18  inches  thick,  gra- 
nular towards  its  base,  crystalline  and  laminated  towards  the  upper  surface, 
continuous  in  all  directions,  unquestionably  intact,  and  without  fracture  or 
crevice  of  any  kind ;  and  superposed  on  this,  was  the  ordinary  Black  Mould 
with  Romano-British  potsherds.  Like  all  bones  found  in  the  Cave-earth, 
the  '*  harpoon,"  when  applied  to  the  tongue,  flrmly  adheres  to  it.  It  has  the 
condition  which,  from  the  spot  it  occupies,  might  have  been  looked  for. 

The  second  bone  tool  from  the  Cave-earth  is  a  well-finished  pin,  S\ 
inches  in  length.  It  was  found  on  the  3rd  of  January,  1867^  and,  like 
all  the  otiiier  bone  tools,  in  the  Yestibule.  It  was  met  with  in  the  fourth 
fioot-level  below  the  Stalagmite — the  greatest  depth  to  which  the  excavation 
has  been  carried, — and  in  immediate  contact  with  the  crown  of  a  molar  of 
Rkinoeero8  Uchorhintts.  Yertically  over  this  specimen  there  lay,  in  ascending 
order,  4  feet  of  Cave-earth ;  then  the  Black  Band ;  over  this  the  Stalga- 
mitic  Floor,  20  inches  thick,  perfectly  intact,  and  continuous  in  all  directions ; 
this  was  surmounted  by  the  Black  Mould ;  and  the  whole  was  crowned  vdth 
large  hloeks  of  limestone,  cemented  with  carbonate  of  Hme  into  a  firm  breccia, 
winch  reached  the  roof  of  the  Cavern.  The  pin  is  well  made,  almost  per- 
fectiy  round,  tapers  uniformly  from  the  head  to  the  point,  and  has  a  consi- 
derable poH^.  It  is,  perhaps,  more  than  probable  that  it  was  an  article  of 
the  toilet,  and  hence  the  polish  it  bears,  instead  of  having  been  designed,  may 
have  been  the  result  of  the  constant  use  to  which  it  was  put.  It  may  pro- 
bably be  said  of  its  original  possessor,  as  it  has  been  of  a  more  modem  savage, 

'*  The  shaggy  wolfish  skin  be  wore, 
Pinned  by  a  polished  bone  before.'* 

Though  the  Committee  abstain  from  drawing  any  inference  from  the  fact, 
ance  it  applies  to  a  limited  number  of  objects  only,  it  may  be  worthy  of  re- 
mark that  the  most  highly  finished  implements,  whether  of  flint  or  of  bone, 
&re  those  which  have  been  found  at  the  lowest  levels. 

Each  of  the  great  divisions  of  the  Cavern — the  Great  Chamber,  the  Yesti- 
bule, and  the  Lecture  Hall — in  which  the  researches  of  the  Committee  have 
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beon  carried  on,  has  been  marked  by  some  prominent  facto.  Thus,  ovate  flint 
implements  have  been  found  in  the  Great  Chamber  only,  and  there  too  tho 
feecal  matter  was  almost  exdusively  met  with.  Bone  tools  and  the  Black 
Band  presented  themselves  in  the  Vestibule,  but  not  elsewhere ;  and  the  same 
branch  of  the  Cavern  was  marked  by  the  great  nnmbers  of  chips  and  flakes 
of  flint,  and  of  blocks  of  old  Stalagmitic  Floor.  Indeed  the  latter  were  so 
numerous  and  so  piled  on  one  another,  especially  on  the  western  verge  of  the 
area  occupied  by  the  Black  Band,  as  to  assume  the  aspect  of  a  rudely  formed 
wall.  In  the  Lecture  Hall,  extremely  few  specimens  of  flint  occurred ;  but 
many  of  the  blocks  of  old  Stalagmite  contained  bones  and  teeth,  the  great 
majority  of  the  latter  being  those  of  the  Cave-bear.  The  blocks  themselves 
were  just  93  numerous  in  the  other  branches,  but  not  one  of  theni  was  found 
to  be  ossiferous. 

Were  we  to  speculate  respecting  the  probable  interpretation  of  the  Black 
Band  found  beneath  the  Floor  of  the  Vestibule — bearing  in  mind  its  very 
limited  area,  its  position  near  the  northern  entrance  of  the  Cavern  and  within 
the  influence  of  the  light  entering  thereby,  its  numerous  bits  of  charcoal  and 
of  burnt  bones,  its  bone  tools  audits  very  abundant,  keen- edged,  unworn,  and 
brittle  chips  and  flakes  of  whitened  flint, — we  might  be  tempted  to  conclude 
that  we  had  not  only  identifled  Kent's  Cavern  as  the  home  of  one  of  our  early 
ancestors,  but  the  Vestibule  as  the  particular  apartment  in  which  he  enjoyed 
the  pleasures  of  his  own  flreside ;  where  he  cooked  and  ate  his  meals ;  and 
where  he  chipped  flint  nodules,  and  cut  and  scraped  bones  into  implements 
for  war,  for  the  chase,  and  for  domestic  use. 

It  is  not  improbable  that  some  feeling  of  disappointment  may  rest  in  a  few 
minds,  and  possibly  something  akin  to  rejoicing  may  And  a  place  in  others^  at 
the  fact  that  the  labour  which  has  been  expended  on  this  Cavern  from  the 
time  of  M'Enery  to  the  present  moment,  has  failed  to  detect  beneath  the 
Floor  of  Stalagmite  any  portion  of  the  human  skeleton.  The  results  of  these 
laboiurs,  however,  do  not  justify  either  of  those  feelings,  nor  do  they  increase 
our  confidence  in  negative  evidence.  Mr.  M*Enery,'at  the  end  of  the  re- 
searches which,  from  1825  to  1829,  he  carried  on,  was  able  to  report  the  dis- 
covery of  flint  implements  as  the  only  indications  of  human  existence.  To 
the  same  eflect  were  the  subsequent  investigations  of  Mr.  Gh>dwin- Austen  ; 
and,  in  like  manner,  the  Torquay  Natural  History  Society,  at  the  close  of  their 
search  in  1846,  were  unable  to  report  further  than  that  they  had  found  man's 
flint  tools  mixed  up,  in  the  Bed  Cave-earth,  with  the  remains  of  extinct  ani- 
mals in  such  a  way  as  to  render  it  impossible  to  doubt  their  contemporaneity. 
In  1865,  the  Committee  appointed  by  the  British  Association  commenced  the 
exploration  entrusted  to  them ;  and  for  some  months  they  too  were  unable  to 
report  more  than  the  discovery  of  flint  implements. 

"In  1858,  moreover,  the  celebrated  cavern  at  Brixham,  on  the  opposite  side 
of  Torbay,  was  discovered  and  methodically  explored.  The  trustworthiness 
of  the  facts  disclosed  there  may  be  said  to  have  at  once  revolutionized  the 
opinion  of  the  scientific  world  on  the  question  of  human  antiquity.  The  facta 
themselves^  however,  were  identical  with  those  which  Kent's  Cavern  had 
yielded,  at  intervals,  for  upwards  of  thirty  years, — flint  tools  inosculating  with 
the  remains  of  extinct  mammals,  in  the  Cave-earth,  below  a  continuous  floor 
of  stalagmite.  If  ever  merely  negative  evidence,  then,  could  establish  a  pro- 
position, it  seemed  safe  to  conclude  that  the  only  traces  of  man  contained  by 
the  ossiferous  caves  of  Devonshire  were  the  so -called  flint  implements,  about 
whose  human  origin  some  persons  were  still  sceptical. 

The  Kent's  Cavern  Committee,  however,  were  enabled  in  their  First  Re* 
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port,  in  1865,  to  add  the  new  fact  that  several  pieoes  of  burnt  bone,  as  well 
18  a  stone  having  the  appearance  of  a  whetstone,  and  nndonbtedly  of  distant 
4eriTation,  had  been  met  with  in  the  caTe-eartb.  Before  the  end  of  another 
tvelroQonth,  their  attention  had  been  arrested  by  a  fiirther  phenomenon, 
sod  JR  their  Second  Beport  they  remarked  that  **  many  of  the  long  bones  had 
been  sjdit  longitudinally,"  and  that  it  was  "  difficult  to  suppose  that  less  than 
hmui  agency  could  have  so  divided  them."  In  this,  their  Third  Bepmt, 
they  are  able  to  advance  another  step,  and  to  record  the  discovery  of  bone 
toob,  about  the  character  of  which  there  can  be  no  difference  of  opinion, 
wiiich  have  the  mineral  condition  diaracteristic  of  bones  found  in  the  deposit 
tliej  occupied,  which  occurred  with  the  remains  of  extinct  manunals  in  soil 
indubitably  intact,  one  of  them  at  the  greatest  depth  to  which  the  excavation 
hu  been  carried,  and  all  of  them  beneath  a  thick  unbroken  Floor  of  Stalag- 
mite, which  has  itself  yielded  remains  of  at  least  three  of  the  extinct  cave- 
manunals.  These  successive  discoveries,  after  labours  so  protracted,  are  cal- 
cakted  to  warn  us  not  to  place  implicit  confidence  in  mM:«ly  n^pative  evi- 
daofie;  to  encourage  the  hope  that  the  bones  of  man  may  yet  be  exhumed, 
though  probably  in  sparing  numbers  only ;  and,  should  this  hope  be  never 
realized,  to  justify  even  the  most  cautious  in  holding  and  avowing  the  belief 
that  man  was,  in  Devonshire,  the  contemporary  of  animals  that  had  become 
extinct  before  the  times  of  history  or  of  tradition. 

Again,  that  Kent's  Hole  was  largely  visited  in  Bomano-British  times,  is 
testified  by  numerous  and  varied  objects  of  that  age,  found  in  the  Black 
Mould  overlying  the  Stalagmite;  and  that  the  curious  frequently  made 
excoiBions  to  it  during  the  last  century,  may  be  safely  inferred  from  state- 
menta  in  the  works  of  the  local  historians  Polwhele  and  Maton,  But  waiving 
this  point,  and  going  no  further  back  than  the  last  forty  years,  it  is  capable 
of  proof  that,  witlun  that  time,  the  Cavern  was  visited  by  more  than  ten 
thousand  persons — including  not  only  scientific  inquirers,  but  large  pio-nic, 
<l^Ging,  and  Bacchanalian  parties.  All  the  visitors  had  to  be  aocorapanied 
bj  the  s^pointed  guide,  who  was  invariably  paid  for  his  attendance.  The 
payments  were  generally  made  in  the  Yestibule ;  and  it  might  have  been 
expected  that,  from  time  to  time,  money  would  have  been  lost,  at  least,  in 
that  part  of  the  Cavern.  Nevertheless,  though  the  Black  Mould  has  been 
Bu«t  carefully  examined,  and  has  yielded  a  very  large  and  most  miscellaneous 
collection  of  objects,  it  was  not  until  the  close  of  twenty-one  months  that  the 
l^otB  of  the  Conmuttee  met  with  a  peciuiiary  reward^. in  the  form  of  a  half- 
penny of  George  the  Third.  Two  months  afterwards,  they  had  the  happiness 
of  finding  a  sixpence  of  forty  years  later  date.  Besides  these,  no  coin  has  been 
n«t  with  from  the  commencement  of  the  work  to  the  present  time. 

Farther,  in  their  First  Beport  the  Committee  rendnded  those  who  were 
^i^Kwed  to  attach  importance  to  the  fact  that  man's  bones  were  not  forth- 
^^ng  as  readily  as  his  implements,  that  in  the  Black  Mould,  as  well  as  in 
^  Bed  Loam  of  the  Cavern,  the  only  indications  of  his  existence  were  rem- 
nants of  his  handiwork ;  that  pottery,  implements  varying  in  kind  and  in 
Hkaterial,  the  remnants  of  his  fires,  and  the  relics  of  his  feasts  were  numerous, 
snd  betokened  the  lapse  of  at  least  two  thousand  years ;  but  that  there,  as 
veil  as  in  the  older  deposit — the  Cave- earth  below, — they  had  met  with  no 
^^tige  of  his  osseous  system.  This  remained  to  be  tiieir  experience,  not  only 
▼hen  their  Second  Report  was  sent  in,  but  up  to  December  last.  Then  the 
^  was  broken  by  the  discovery,  in  the  Black  Mould,  of  part  of  a  human 
lover  jaw  containing  two  molars.    This,  as  has  been  stated,  was  followed  by 

the  eidinmation,  from  the  same  deposit,  of  parts  of  other  jaws,  a  skull^  and 
1S67.  i^  ,       r-  ^ 
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other  portions  of  the  skeleton ;  and,  as  if  to  emphasuse  the  fact,  whilst  these 
remains  were  being  fonnd,  a  fragment  of  a  human  upper  jaw  containing  four 
teeth  was,  as  previously  mentioned,  detected  deep  in  the  next  older '^Amation 
— the  Stalagmitic  Floor. 

Lastly,  during  the  past  two  years,  the  blocks  of  stalagmite  previously  men- 
tioned have  been  found  in  every  branch  of  the  Cavern,  and  in  all  parts  of  the 
deposits.  Their  structure  indicated  that  they  were  portions  of  an  old  floor, 
which,  in  some  way  not  easy  of  explanation,  had  been  broken  up,  and  the 
fragments  incorporated  in  the  detrital  accumulations  subsequently  lodged  in 
the  Cavern,  and  on  which  was  formed  that  Stalagmitic  Floor  which  the  Com- 
mittee found  intact,  and  are  breaking  up  every  day.  This  view  of  the  origin 
of  the  blocks  was  confirmed  by  the  fact  that  a  considerable  remnant  of  an 
old  floor  still  remains  in  situ  in  one  branch  of  the  Cavern,  and  which,  under 
the  name  of  "  The  Ceiling,*'  was  minutely  described  in  the  Report  sent  in 
last  year.  Nevertheless,  as  the  existing  floor  very  often  graduates  down- 
wards into  a  breccia,  and  frequently  contains  bones,  stones,  and  other 
extraneous  bodies,  it  was  reasonable  to  expect  that  some  objects  of  the  kind 
would  be  found  attached  to,  or  incorporated  in  the  blocks  if  they  were  really 
fragments  of  an  old  floor  which  formerly  spread  over  the  Cavern.  Accord- 
ingly, as  the  blocks  presented  themselves,  all  their  surfaces  were  carefully 
examined,  but  no  such  trace  or  indication  of  their  having  once  covered  a 
detrital  mass  was  to  be  seen  on  any  of  them.  The  more  thoroughly  to  sift 
this  question,  hundreds  of  them  have  been  broken  by  the  workmen  into  small 
pieces,  with  the  same  invariable  results — a  structure  indicative  of  stalagmitic 
ori^n,  but  without  the  disclosure  of  either  bone  or  stone.  At  length,  how- 
ever, this  large  accumulation  of  negations  was  utterly  set  aside.  On  the 
6th  of  last  month  (August  1867),  one  of  these  blocks,  in  the  second  foot- 
level  of  Cave-earth,  and  in  the  Lecture  Hall,  was  found,  on  being  fractured, 
to  contain  a  bone ;  and  thus  any  lingering  doubt  respecting  its  claims  to 
represent  an  old  perished  Floor  disappeared  at  once  and  for  ever.  Since  that 
time  ossiferous  blocks  have  been  found  in  the  same  Hall,  at  least  two  or 
three  times  a  week. 

The  foregoing  facts  are  calculated  to  stimulate  to  continued  researches, 
and  to  encourage  the  hope  that  whilst  a  spadeful  of  deposit  remains  dis- 
lodged, a  discovery  may  remain  to  be  made. 


7%e  present  state  of  the  Manvfaciure  of  Iron  in  Great  Britain^  and 
its  position  as  compared  with  that  of  some  other  countries.  By 
I.  LowTHiAN  Bell. 

[A  oommunication  ordered  to  be  printed  among  the-Beports.] 

The  object  of  such  exhibitions  as  that  which  now  occupies  so  large  a  share 
of  pubHc  attention  at  Paris  being  to  compare  the  results  of  human  industry, 
it  is  not  surprising  that  we  have  been  favoured  with  many  expressions  of 
opinion  on  the  relative  merits  of  manufacturing  science,  as  manifested  in 
individuals  as  well  as  in  nations. 

These  opinions  are  necessarily  founded  upon  the  information  conveyed  by 
the  specimens  of  workmanship  exposed  for  inspection ;  and  therein,  it  is  to 
be  feared,  is  involved  more  or  less  of  a  serious  fallacy.  No  one  of  any 
practical  experience  has  difliculty  in,  or  attributes  the  slightest  skill  to  a 
manufacturing  chemist  for,  exhibiting  any  of  his  usual  products  in  a  state  (^ 
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pe^  purify,  provided  he  pays  a  little  additional  care  in  their  preparation, 
ud  is  leganllees  of  the  expense  incnrred  in  this  exceptional  mode  of  treat- 
ment In  like  manner  the  iron-master,  by  selecting  very  pure  ore  and  pure 
cake,  my  ran  from  his  fomaces  an  unusually  fine  specimen  of  pig  iron, 
whieh,  being  paddled  hy  his  best  men,  hammered  and  rolled  any  number  of 
times,  gives,  as  it  cannot  faQ  to  do,  a  sample  of  iron  of  great  excellence. 

If  the  question  were  asked,  whether  the  articles  we  have  the  opportimity 
flf  examining  upon  such  occasions  convey  in  every  case  a  correct  idea  of  the 
iTerage  quality  of  the  goods  manufactured  by  and  sold  at  the  current  rates 
oC  tile  ezdubitor,  it  is  much  to  be  apprehended  that  such  would  not  be  found 
to  be  the  fact 

The  Industrial  Exhibition  at  Paris  has  afforded  an  occasion  for  the  iron- 
ittsters,  engineers,  and  practical  chemists  of  the  United  Kingdom  to  be  told, 
(A  the  authority  of  very  influential  names,  and  possessing,  we  are  informed, 
voy  intimate  acquaintance  with  the  subject,  that  while  foreign  nations  have 
in  reeent  times  been  making  wonderful  advances  in  manufacturing  science, 
Httie  progress  has  been  efSscted  in  this  country.  It  will  probably  be  beyond 
tbe  power  of  any  one  individual  to  speak  with  a  proper  degree  of  confidence, 
from  personal  knowledge,  on  all  the  questions  embraced  in  the  general  charge 
agamat  our  national  industry.  This  paper  will  be  confined  to  an  attempt  to 
institute  a  comparison  between  our  position  and  that  of  our  neighbours  in 
the  treatment  of  the  ores  of  iron  and  their  product)^. 

Tliis  subject  is  selected  because  it  Ib  one  to  which  the  most  pointed  allusion 
hs  been  nutde,  and  because  in  it  any  deficiency  on  our  part  would  be  the  least 
excQ5able,  seeing  that  nature  has  provided  us  with  advantages  which  ought 
to  afford  the  means  of  our  competing  with  those  nations  which,  by  their 
sapezior  intelligence  and  energy,  are  said  to  threaten  us  most. 

If  cost  of  production  has  to  form  no  element  in  the  calculation,  it  is  clear 
i^ta  might  be  obtained  which  would  lead  to  very  erroneous  conclusions  in 
fny  comparative  estimate.  It  is  equally  evident  that  any  inherent  excellence 
in  his  ores  of  iron  would  confer  upon  the  smelter  the  power  of  producing  a 
raperior  quality  of  metal,  in  doing  which  little,  if  anything,  may  be  due  to 
»kill  in  manipulation.  These  circumstances  are  referred  to  merely  to  remind 
you  of  the  difficulty  in  pronouncing,  with  certainty,  upon  a  question  where, 
m  drawing  a  parallel,  so  many  allowances  have  to  be  made.  For  the  present, 
liowever,  these  disturbing  influences  will  be  disregarded,  and  attention  only 
fcected  to  the  information  conveyed  by  the  numerous  specimens  of  the  metal 
to  le  seen  at  the  Champs  de  Mars,  and  which  by  many  have  been  assumed 
^  proclaim  our  inferiority  as  manufacturers  of  iron. 

^0  one  who  gives  himself  the  trouble  to  study  this  department  of  the 
International  Exhibition  at  Paris,  can  be  otherwise  than  impressed  with  the 
P^  the  French  makers  have  taken,  not  only  to  afford  proofs  of  the  quality 
of  their  produce  by  ingenious  devices  in  showing  fracture  and  tests  of  resist- 
Uice,  but  also  by  a  great  number  of  sections  of  iron,  which,  from  thinness 
and  distribution  of  material,  or  great  length,  or  with  all  these  conditions 
combined,  prove  at  once  the  chemical  excellence  of  the  metal,  and  the  per- 
fiBctioQ  of  the  machinery  used  in  its  mechanical  preparation.  After  giving 
^e  most  ample  margin  to  the  French,  who  in  their  own  country  would  wish 
^  do  it  all  honour,  and  probably  would  possess  some  superior  facihties  in 
^ring  the  necessary  space  for  the  display  of  their  manufactures,  an 
^iiglishman  cannot  but  feel  disappointed  at  the  attempts,  as  exhibitors, 
^  by  some  of  our  iron-masters,  who  have  aspired  to  represent  their  own 
ii^on;  indeed,  nothing  can  excuse  the  careless  indifference  of  one  or  two 
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who  have  intruded  slovenly  heaps  of  raw  materials,  intermingled  with  pieces 
of  rusty  iron,  upon  an  occasion  which  may  be  looked  upon  as  a  state  cere- 
monial of  industry. 

The  practical  man,  however,  notwithstanding  these  disadvantages,  has 
there  materials  and  opportunity  enough,  to  enable  him  to  pronounce  an 
opinion  with  sufficient  precision,  on  the  question  of  quality  of  the  samples 
submitted  for  examination.  I  have  myself  carefully  and  repeatedly  studied 
all  the  great  divisions  of  this  important  branch  of  metallurgical  industry  at 
Paris.  I  have  done  so  alone,  and  in  company  with  English  and  French 
engineers,  iron-shipbuilders,  and  iron-masters,  both  British  and  foreign, 
induding  men  of  the  greatest  experience  and  knowledge  of  the  subject, — and, 
supported  by  their  concurrent  testimony,  I  unhesitatingly  advance  the  opinion 
that  no  evidence  whatever  is  to  be  found  there  that  ^is  country  occupies  a 
position  less  conspicuous  for  excellenee  of  its  produce  than  that  of  other 
nations.  Of  course>  it  is  not  pretended  that  in  such  a  competition  the  four 
and  a  half  millions  of  tons  of  British-made  iron  have  to  be  brought  into  com- 
parison with  those  300,000  or  400,000  tons  of  the  metal  whidi  it  requires 
the  collective  power  of  every  European  nation  to  smelt  from  the  purest  and 
rarest  known  ores  and  charcoal,  and  which  cannot  be  made  or  sold  at  much 
imder  double  the  price  of  our  most  esteemed  brands. 

It  is  of  importance,  in  an  inquiry  like  the  present,  to  bestow  especial  atten- 
tion to  what  may  be  considered  the  purely  mechanical  treatment  of  iron — ^to 
that  treatment  by  which  it  is  obtained  in  the  various  forms  known  in  com- 
merce. Those  sections  of  bars  which  present  mechanical  difficulties  in  rolling, 
have  those  difficulties  greatly  increased  by  the  presence  of  certain  chemically 
combined  impurities.  A  good  skin,  as  it  is  called,  and  unbroken  edges,  par- 
ticularly in  some  forms,  may  be  accepted  as  a  fair  indication  of  quality  of 
iron  as  well  as  of  excellence  of  machinery  employed.  Judged  by  this  standard, 
the  French  as  well  as  some  other  nations,  have  every  reason  to  oongratulate 
themselves  on  the  state  of  iron-manufacturing  science  in  their  respective 
countries,  as  evinced  by  some  of  the  really  marvellous  pieces  of  iron  they 
exhibit.  One  firm,  for  example,  has  sent  solid  rolled  bars  of  double  "f  iron 
27  inches,  and  others  33  inches  deep,  by  30  and  40  feet  long,  each  bar  in 
both  cases  weighing  forty-six  cwts. ;  but  the  greatest  ckef  d^ceuvre  in  this 
way  is  a  girder  of  the  same  form  as  the  preceding,  from  the  works  of 
ChatiUon  and  Commentary,  43  inches  deep,  with  flanges  ll'l  inches  wide  and 
web  of  11  inch  in  thickness.  This  last  achievement  has  not  so  far  met  with 
any  practical  application,  but  it  is  of  value  in  showing  engineers  what  can 
be  done,  and  that  when  occasion  requires  it,  they  have  it  within  their  power 
to  obtain  perfectly  solid  masses  of  wrought  iron  of  these  large  dimensions : 
at  the  same  time  it  may  be  questioned  whether,  looking  at  the  lengths  which 
generally  accompany  the  use  of  iron  of  such  sectional  strength,  it  will  not  be 
found  more  economical  to  construct  the  girder  by  rivetting  plates  or  bars  and 
angle-iron  together.  It  should  be  stated  that  the  Butterly  Iron  Company 
have  for  some  time  past  rolled  iron  of  this  description,  in  a  somewhat  different 
way,  for  which  they  chai^  40«.  a  ton  less  than  the  French  quotations.  Plates 
of  iron,  too,  are  exhibited,  rolled  so  as  to  require  no  shearing  along  the  sides, 
as  has  hitherto  been  practised.  In  many  instances,  such,  for  example,  as  in 
the  construction  of  tajiks,  bridges,  and  otiier  articles  where  a  slight  deviation 
from  perfect  soundness  on  the  edge  is  immaterial,  this  mode  of  manufacture 
offers  advantages  by  reason  of  the  economy  it  effects.  Against  these  proofs 
of  efficiency  of  mill-machinery  and  skill  in  its  use,  may  be  placed  the  armour- 
plate,  weighing  eleven  tons  and  a  quarter,  from  the  works  of  Messrs.  Brown 
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and  Company^  of  Sheffield,  "who  have  rolled  plates  of  this  kind  weighing  nearly 
twenty-five  tons  each.  There  are,  it  is  true,  pieces  of  forged  iron  in  the 
Exhibition  heavier  than  even  this,  but  the  difilculty  our  manufacturers  had 
to  encounter  in  transhipment  would  offer  impediments  in  carriage  not  expe- 
lienoed  by  continental  nations  in  sending  objects  to  Paris,  where  size  alone 
fanned  the  test  of  merit. 

Any  one  having  any  recollection  of  the  state  of  metalliirgical  science  at  the 
time  of  the  X«ondon  Exhibition  of  1851,  will  detect,  in  the  means  a£fbrded 
Imn  at  the  Champs  de  Mars,  a  wonderful  change  in  the  manufacture  of  steel. 
This  is  apparent  in  the  number  and  dimensions  of  the  objects  now  produced 
in  that  materisd.  More  recently  even  than  sixteen  years  ago,  the  use  of 
sted  might  almost  be  said  to  have  been  confined  to  small  articles  of  cutlery ; 
today,  railway  wheels,  axles,  heavy  working  parts  of  steam-engines,  and 
even  railway  bars,  absorb  immense  quantities  of  this  form  of  iron.  The 
nsmi&etnrers  of  other  nations,  in  this  substance  as  in  iron,  maintain  their 
SQperiority  as  exhibitors,  and  probably  at  the  head  of  all  will  be  placed  the 
name  of  Kmpp  (of  Essen),  from  whose  establishment  has  proceeded,  among 
other  admirable  specimens  of  workmanship,  the  gigantic  mass  of  cast  steel  in 
the  shape  of  a  piece  of  ordnance,  weighing  npwards  of  fifty  tons. 

We  shall  presently  endeavour  to  discover  to  whose  energy  and  inventive 
genius  the  credit  is  most  due  of  having  led  the  way  in  dealing  with  iron 
and  steel  of  such  extraordinary  dimensions  as  are  to  bo  met  with  in  our  own 
days ;  and  at  the  same  time  seek  to  cstabhsh  what  is  the  true  position  of 
different  nations  which  have  laboured  in  raising  this  remaikable  branch  of 
industry  to  its  present  colossal  proportions. 

In  attempting  this,  the  only  mode  of  procedure  is  by  reference  to  the 
history  of  the  past,  which  shall  be  done  in  terms  as  brief  as  is  consistent  with 
deamees  ;  at  the  same  time  it  is  obvious  that  in  a  manufacture  involving 
both  mechanical  and  chemical  appliances,  upon  this  occasion  as  well  as  here- 
after, we  shall  be  compelled  to  exceed  those  Hmits  which  ought  to  be  observed 
in  any  section  set  apart  for  discussing  a  particular  science.  Some  indulgence 
also  mnst  be  extended  to  any  minor  inaccuracies  in  an  endeavour  to  trace  the 
progress  of  an  art  which  owes  improvements  in  its  details  to  different  indi- 
Tiduals,  whose  position  in  questions  of  priority  it  \b  sometimes  so  difficult  to 
determine. 

It  is  not  so  very  long  ago  that  the  attention  of  the  Government  of  this 
country  was  called  to  the  fact  that  the  iron  furnaces  of  that  day  threatened 
to  place  the  kingdom  in  a  position  of  considerable  difiiculty,  from  the  rapid 
manner  in  which  they  were  consuming  the  forests  of  certain  districts,  and, 
indeed,  for  a  time,  under  the  pressure  of  circumstances  which  arose,  the  make 
of  iron,  insignificant  as  it  was,  suffered  considerable  diminution.  From  this 
state  of  things  the  nation  was  reHeved  by  the  Darbys,  in  the  midland  counties, 
SQe4H^eding  during  the  last  century  in  applying  upon  a  practical  scale  Dudley's 
discovery  of  the  capabilities  of  mineral  ftiel  being  employed  as  a  substitute 
for  charcoal  in  the  blast  furnace.  It  is  quite  impossible  to  overrate  the  im- 
portance of  this  event  in  the  history  of  the  iron  trade,  because  in  localities 
where  timber  is  only  of  little  value,  the  rapid  manner  in  which  even  a  limited 
make  consumes  the  forests  near  the  smelting  estabhshraont,  causes  charcoal 
quickly  to  rise  in  price,  owing  to  the  increasing  cost  of  carriage.  This  is  easily 
perceived  when  it  is  remembered  that  in  Styria  and  Carinthia  something  like 
twenty-five  square  miles  of  wood  are  stated  as  being  required  to  supply  the 
wants  of  each  furnace,  and  that  in  consequence  the  best  charcoal,  owing  to 
the  distance  it  has  to  be  conveyed,  often  costs  nearly  50*.  to  60s,  per  ton 
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before  it  reaches  the  iron  works.  Simple  as  this  substitution  of  pit-coal  for 
charred  wood  appears,  it  was  a  long  time  before  the  difficulties  attending  its 
introduction  were  overcome,  and  the  prejudice  against  its  use  set  aside — 
Dudley  himself  being  in  his  grave  long  before  the  accomplishment  of  either. 
This  cardinal  improvement  in  iron-smelting  brings  us,  without  further 
change,  down  to  about  the  beginning  of  the  present  century,  when  our  blast- 
furnaces were  running  thirty  or  forty  tons  a  week,  and  that  portion  of  their 
produce  which  had  to  be  converted  into  bar  iron  was  obtained  in  this  con- 
dition by  means  of  the  old  <^  hearth,"  a  most  laborious,  costly,  and  wasted 
mode  of  treatment.  In  it  charcoal  was  firequently  the  fuel  still  employed, 
and  the  small  tilt  hammer  the  only  means  possessed  for  reducing  the  malleable 
product  to  the  state  of  the  bar. 

This  was  our  position  when  our  countryman  CSort  effected  an  entire  revolu- 
tion in  the  character  of  the  operations  carried  on  in  our  forges,  by  the  inven- 
tion of  the  roUing  miU  and  the  puddling  furnace.  The  latter  contrivaneo 
WBB  subsequentiy  greatiy  improved  by  Rogers  abandoning  the  old  sand 
bottoms  used  by  its  original  designer,  and  by  substituting  iron  plates  pro- 
tected by  iron  slag. 

Fostered  by  the  discoveries  of  Dudley  and  of  Cort,  the  use  of  iron  extended 
in  every  direction,  rendering  each  subsequent  improvement  of  increased  im- 
portance, by  reason  of  the  enlarged  field  provided  for  its  exercise. 

It  was  thus  a  fortunate  circumstance  that  the  labours  of  James  Watt,  in 
connexion  with  the  steam-engine,  placed  in  the  hands  of  the  iron  manufac- 
turer the  means  of  driving  his  new  machinery,  for  which  the  water-wheels  of 
our  old  forges  were,  in  many  instances,  totally  inadequate. 

If  the  other  changes  which  have  been  introduced  in  later  times  into  our 
iron  processes  are  to  be  considered  as  modifications  and  improvements  only 
of  what  Dudley  and  Cort  effected  many  years  ago,  that  of  Neilson  in  applying 
heated  air  to  tiie  blast  furnace  has  been  followed  by  results  of  such  magTii- 
tnde  as  to  rank  in  importance  with  discoveries  of  the  highest  order.  The 
effect  Neilson's  idea  has  had  in  reducing  the  consumption  of  fiiel  and  the 
expense  generally  in  smelting  the  ores  of  iron,  is  too  familiar  to  all  to  require 
repetition  here. 

It  would  appear,  however,  that  it  is  only  to  those  greater  and  more  sudden 
changes  that  the  world  at  large  seems  to  attach  any  significance  ;  for,  judging 
by  recent  criticism  on  the  progress  of  metallurgical  science  in  this  country , 
the  fact  apparentiy  has  been  overlooked  that  the  iron-masters  of  Durham  and 
North  Yorkshire,  within  the  lust  four  years,  have  introduced  great  alterations 
in  tlie  character  of  their  furnaces,  and  have  succeeded  in  raising  the  tempe- 
rature of  the  blast  they  employ  to  a  point  never  contemplated  by  Neilson 
himself.  These  progressive  changes  have  enabled  their  projectors  to  effect  a 
saving  in  coal  and  an  increase  of  produce,  greater  than  the  difference  between 
those  cold  and  hot  blast  furnaces  still  in  common  use  in  other  parts  of 
England. 

Our  rolling-mill  engineers  had  kept  pace  with  the  constantly  increasing 
requirements  for  malleable  iron,  until  about  a  dozen  years  ago,  when  the 
example  of  the  Emi)eror  of  the  French  created  a  demand  for  an  article 
beyond  +he  powers  of  any  rolls  then  in  existence.  Possibly  they  were  never 
applied  to,  owing  to  the  belief  then  prevailing  that  hammered  slabs  of  niet^ 
alone  would  satisfy  the  necessary  conditions  attending  the  protection  of  c^hips 
of  war,  by  means  of  the  so-called  armour-plating — at  all  events  it  was  by 
means  of  the  steam-hammer  (a  French  idea,  it  is  said,  originally,  but  in- 
debted for  its  practical  introduction  here  to  Nasmyth)  that  we  in  this  country^ 
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in  tiie  year  1855,  manufactiiTed  the  iron  for  two  floating  batteries.  To  Mr. 
6.  G.  Sanderson,  of  the  Park  Gate  Works,  we  owe  the  idea  that  rolled  plates, 
bj  reason  of  their  toughness,  would  be  found  superior  in  resisting  shot  to 
those  of  hammered  iron ;  and  to  him,  and  to  the  owners  of  that  establish- 
ment, is  due  the  merit  of  having,  in  the  same  year,  provided  a  mill  and  rolled 
the  plating  for  a  third  floating  battery,  built  by  Messrs.  Palmer  on  the 
l^ne*.  The  correctness  of  Mr.  Sanderson's  views  have  been  justified  by 
subsequent  experiments.  Sir  William  Armstrong's  ingenious  method  of 
bmlding  up  wrought  iron  so  as  to  produce  ordaance,  having  incredible 
powers  of  penetration,  has  called  for  greatly  increased  thickness  in  armour- 
plating.  Manufacturers  of  this  description  of  iron,  however,  by  increasing 
the  powers  of  their  heating  furnaces,  mills,  and  other  appliances,  are  now  able 
to  supply  our  naval  yards  and  military  estabhshments  with  material  still  more 
inmlaerable  tiian  that  formerly  deemed  sufficient  as  a  means  of  defence. 

It  is  this  character  of  machinery  which  has  enabled  mill-owners  here  and 
abroad  to  handle  such  huge  masses  of  wrought  iron  as  have  excited  the 
admiration  of  all  who  interest  themselves  in  such  matters,  and  it  is  by  means 
of  the  so-called  universal  miU  designed  by  Mr.  Arrowsmith  that  our  friends 
in  France  are  rolling  their  smooth-edged  plates. 

This  hasty  sketch  is,  it  is  hoped,  an  impartial  account  of  what  has  been 
done  in  this  country  towards  advancing  the  manufacture  of  iron  to  its  present 
position. 

As  soon  as  the  occasion  arose,  other  nations  profited  by  the  wisdom  our 
more  matured  experience  had  acquired,  and  every  improvement  in  machinery 
or  in  process,  found  immediate  imitators  in  each  locality  where  the  ^*  forge 
Anglaise  '^  had  been  constructed.  It  is  mere  repetition  of  a  truth,  admitted 
on  all  sides,  that  the  modem  blast-famaces,  forges,  and  mills  abroad  are  in 
principle,  and  in  most  details  identical  with  those  of  this  country,  and  of 
such  excellent  construction  as  to  have  placed  their  owners  on  a  level  with 
oiu'selves  so  far  as  perfection  of  machinery  is  concerned. 

It  is,  however,  not  to  be  expected  that  those  conditions  which  prevail  hero 
flhould  find  an  exact  counterpart  abroad;  and  wherever  a  deviation  from 
things  as  they  exist  with  ourselves  occurred,  the  foreign  iron-master  was 
foand,  of  course,  adopting  his  mode  of  procedure  so  as  to  suit  the  change  of 
drcumstanees.  The  chief  difference  between  other  countries  and  this  is  in 
the  important  matter  of  fuel.  Here,  regular  lying  beds  of  coal,  generally  of 
great  purity,  and  in  very  accessible  positions,  have  furnished  us  with  abun- 
dant supplies  of  this  element  for  the  production  of  iron,  and  upon  terms  more 
favourable  than  those  within  reach  of  the  continental  iron-maker,  who  very 
frequently  has  to  work  with  a  combustible  costly  in  itself,  and  containing  a 
(^msiderablo  amount  of  impurity.  Long  before  it  was  thought  of  hero, 
because  the  same  necessity  cQd  not  exist,  our  neighbours  occupied  themselves 
with  devising  ingenious  methods  of  washing  out  the  dirt  contained  in  their 
eoal,  and  afterwards  in  constructing  ovens  so  as  to  coke  the  purified  product 
with  the  least  possible  waste.  They  also  conceived,  and  now  practice  on  a 
very  large  scale,  the  idea  of  securing  the  advantages  of  large  coal  by  cemont- 

*  Since  writing  the  above,  I  perceive  Mr.  Charles  M.  Palmer,  in  a  paper  on  "  Ship 
Bailding,"  read  tofore  the  British  Association  in  18l>3,  claims  to  have  originated  the  idea 
tbat  rolled  plates  would  be  found  superior  in  power  of  resistance  to  those  of  liammered 
iron,  and  that  it  was  at  his  request  that  tlie  Park  Gate  Iron  Company,  then  under  the 
management  of  Mr.  Ot.  O.  Sanderson,  undertook  to  provide  the  necessary  means  for 
msiufactiiring  tiie  plating  for  tJie  floating  battery  then  in  course  of  construction  at  Mr. 
Palmer'B  works. 
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ing  together  in  very  well-contrived  machinery  the  improved  small  coal  thus 
placed  at  their  disposal.  To  meet  the  increased  demand  for  pitch,  which 
constitutes  the  cement  used  in  thia  last-mentioned  process,  coke-ovens  are 
now  in  use  abroad  for  condensing  all  the  products  of  distillation,  both  of  a 
tarry  as  well  as  those  of  an  ammoniacal  nature.  In  like  manner  the  excess 
of  heat,  which  passes  away  from  the  puddling  and  balling  fiimace,  instead  of 
being  permitted  to  escape,  was  made  available  in  France  for  raising  the  steam 
for  driving  the  forge  and  rolling-mill  machinery ;  but  perhaps  the  most  ele- 
gant and  interestiDg  application  of  a  waste  product  was  that  effected  by  em- 
ploying the  gases,  which  formerly  flamed  at  the  tops  of  their  blast-furnaces, 
for  a  variety  of  purposes  for  which  hitherto  solid  fuel  had  been  used. 

Now,  it  may  be  asked,  were  our  own  iron-masters  indifferent  spectators  to 
those  valuable  ameliorations  contributed  by  other  nations  to  an  art  in  which 
Britain  might  be  supposed  to  occupy  the  first  rank  ?  The  answer  is,  that  no 
sooner  did  a  change  in  the  price  of  our  fuel  enable  them  to  adopt,  with  profit, 
the  purification  of  coal  and  the  improvements  in  its  conversion  into  coke,  than 
both  processes  were  imported  into  this  kingdom ;  and  at  the  present  day  there 
is  scarcely  an  iron -work  in  it  of  any  consideration,  where  the  machinery  is 
not  driven  by  the  waste  heat  from  its  own  furnaces  in  the  manner  suggested 
by  the  example  of  our  neighbours.  As  regards  the  use  of  the  blast-furnace 
gases,  not  only  have  our  furnace-owners  availed  themselves  of  the  lesson 
taught  them  by  foreign  industry,  but  the  mode  of  collection  has  been  so  im- 
proved as  to  afford  in  many  cases  results  better  than  those  obtained  by  the 
original  inventors.  At  this  time  not  less  than  500,000  tons  of  coal  are 
annually  saved  in  the  Cleveland  iron  district  alone,  by  the  state  of  perfection 
to  which  this  admirable  discovery  has  been  carried. 

For  many  years  past  such  are  the  advantages  possessed  by  this  country  for 
the  economical  working  of  metals  that,  although  the  raw  material  for  the 
finer  kinds  of  steel  had  to  be  imported  from  other  nations,  we  have  been  able, 
notwithstanding,  from  our  position  in  other  respects,  to  rank  first  as  manu^ 
facturers  of  this  modified  form  of  iron.  The  rapid  speeds  attained  on  our 
railways,  and  the  great  strain  to  which  the  machinery  there,  as  well  as  on 
other  occasions,  is  exposed,  has  rendered  increased  strength  of  materia], 
combined  with  lightness,  an  object  of  the  highest  importance.  Metallurgists 
have  thus  been  led  to  devise  some  more  ready  and  less  expensive  methods  of 
producing  steel,  this  substance  being,  as  is  well  known,  possessed  of  the 
desired  quaHties,  unequalled  by  any  other  known  condition  of  iron.  It  is 
needless  to  dwell  on  the  various  projects  which  have  been  suggested  for 
securing  this  desideratum,  inasmuch  as  eveiy  one  appears  to  have  been 
driven  out  of  the  field  by  that  last  great  discovery  of  Bessemer,  the  success 
of  which  still  maintains  for  this  nation  its  old  position  in  an  industry  in 
which  it  has  laboured  so  incessantly  and  to  such  good  purpose.  It  is  true  in 
Prussia  there  exist  gigantic  steel-works  (those  of  Krupp  and  others)  where 
the  process  is  carried  on  by  methods  confined,  it,  is  alleged,  to  themselves. 
"Whatever  these  methods  may  be,  they  are  not  of  that  character  to  have  pre- 
vented the  directors  of  the  establishments  named  from  adding  the  converters 
of  Bessemer  to  any  appliances  or  modes  of  procedure  of  which  they  have  the' 
merit  of  being  the  original  inventors. 

In  concluding  this  endeavour  to  trace,  in  its  main  features,  the  progress  of 
the  manufacture  of  iron,  I  may  be  permitted  to  mention  that,  during  a  per- 
sonal acquaintance  with  the  works  of  this  and  other  countries,  extending 
over  twenty-five  years,  I  can  detect  no  change  in  the  relative  position  of  our- 
selves and  continental  nations  as  iron  manufacturers.    No  doubt,  abroad,  the 
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production  of  this  metal  has  increased  immensely  in  late  years,  bt^t  this  is  due 
to  circnmstftncea  entirely  disconnected  with  any  greater  comparative  pro- 
ficiency Hiaii  that  possessed  in  former  days.  During  the  whole  of  the  period 
named^  the  existing  iron- works  were  equal  to  similar  establishments  of  our 
own,  and  certainly  those  which  have  been  constructed  of  late  have  no  pre- 
tensions whatever  to  be  otherwise  considered. 

The  present  depressed  state  of  our  own  iron  trade  and  its  recent  extension 
abroad,  have  probably  countenanced  the  idea  that  the  distress  here  has  some 
(XHmexion  with  the  nature  of  the  progress  of  the  continental  manufactures. 
It  becomes,  therefore,  not  imimportant  to  ascertain  upon  what  grounds  such 
a  supposition  is  based. 

The  first  question  to  which  an  investigator  would  address  himself  in  such 
an  inquiry,  is  the  powers  possessed  by  different  localities  for  obtaining  the 
raw  materials  required  in  the  works  themselves.  Immediately  connected 
with  this  matter  is  the  right  of  ownership  in  the  minerals.  In  foreign 
eoantries  generally,  this  charge  is  one  of  trifling  extent,  which  is  far  from 
being  the  case  with  ourselves,  where,  on  a  ton  of  pig  iron  worth  about  45a., 
the  manofaoturer  will  contribute  about  4*.  for  royalty  to  the  owner  of  the 
soil;  while  on  the  continent  one-fourth  of  this  sum  will  sometimes  cover 
all  that  is  levied  for  the  right  of  working  the  coal  and  ironstone  for  the  same 
quantity  of  iron.  In  spite,  however,  of  these  disadvantages,  and  of  others 
related  to  the  extraction  of  coal  in  Britain,  the  purity  of  the  produce  of  our 
Gollieries  and  the  favourable  conditions  imder  which  it  occurs,  conduce  to 
place  this  country,  so  far  as  fuel  is  concerned,  in  a  position  rarely  approached 
by  that  of  any  European  nation.  When  the  ores  themselves  have  to  be  con- 
sidered, much  greater  difficulty  meets  us  than  is  experienced  in  the  case  of 
coal.  In  addition  to  price  we  have  to  look  to  the  percentage  of  iron  they 
contain,  and  also  to  the  widely  different  qualities  of  the  metal  they  yield. 
Any  very  lengthened  exposition  of  facts,  however,  would  not  only  be  tedious, 
but  woidd  lead  to  some  confusion.  We  must  therefore  content  ourselves 
with  the  statement  that  the  advantages  in  cost  and  quality  of  iron  ore  pos- 
sessed by  Scotland,  Staffordshire,  Wales,  and  the  West  of  England,  are  all  to 
be  severally  met  with  on  the  continent,  and  from  this  general  statement  we 
cannot  even  except  the  Cleveland  ironfleld,  for  a  similar  deposit  b  extensively 
wrought  in  the  Moselle  district,  and  at  a  price  fully  below  that  paid  in  North 
Yorkshire. 

Conditions,  however,  immediately  connected  with  the  economy  of  producing 
pig  iron,  obtain  in  this  kingdom  which  are  seldom  met  with  abroad.  The  ore 
which  has  to  be  smelted  is  here  either  often  got  from  the  same  strata  which 
famish  the  coal,  or  the  space  of  country  which  separates  the  two  is  incon- 
siderable. The  distances,  on  the  other  hand,  which  as  a  rule  intervene 
between  the  coalfields  and  the  iron  mines  on  the  continent,  are  so  great  as 
to  prove  a  source  of  considerable  outlay  for  conveying  the  produce  of  the  one 
to  the  other. 

With  regard  to  the  application  of  science  to  those  sections  of  our  operation 
which  are  dependent  on  chemical  action,  viz.  the  blast-furnace  and  the  pud- 
dling process,  the  iron-master  in  other  countries,  as  here,  can  only  lament 
how  little  chemistry  has  hitherto  been  able  to  effect  for  either.  The  labours 
of  Karsten,  Scheerer,  Bunsen,  Tunncr,  and  others,  have  thrown  great  light 
on  the  intricate  and  interesting  problems  connected  with  the  working  of  our 
blast-fomaces.  We  have  been  informed  by  means  of  their  investigations, 
and  those  of  philosophers  in  this  country  and  elsewhere,  that  differences  we 
know  to  exist  betwefen  certain  qualities  of  iron  were  due  to  minute  quantities 
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of  ailiGon,  phosphorus,  or  solphiir;  hut  these  experimenters  have  never 
taught  us  how  to  separate,  economicaUy,  those  almost  infinitesimal  amounts 
of  substances,  to  rid  our  produce  of  which  has  defied  their  science  and  our 
practice. 

Both  on  the  continent  and  in  this  country,  the  success  attending  the  use 
of  the  blast-  and  puddling-fumaces  rests,  in  a  great  measure,  with  the  work* 
men ;  and  so  far  as  waste  of  material,  quality  of  produce,  or  any  other  test, 
enables  one  to  judge  of  the  results,  it  is  as  absurd  to  impute  any  superiority 
to  either  side,  as  it  is  impossible  to  find  a  higher  degree  of  science,  where 
both  British  and  foreign  artisans  are  equally  uninstructed  in  respect  to  the 
true  nature  of  the  process  under  their  control. 

It  may  be  weU,  at  the  same  time,  for  our  own  workpeople  to  know  that, 
although  we  had  the  start  in  this  particular  field  of  industry,  there  is  not  one 
department,  from  rolling  the  finest  wire  iron  and  the  thinnest  tin  plates  or 
hoops,  to  turning  out  the  largest  rails  or  heaviest  armour  plating,  in  which 
these  operations  are  not  performed  quite  as  well  by  foreign  labour  as  by  the 
most  expert  rollers  in  the  best  mills  in  this  country.  ♦ 

Beverting  now  to  the  relative  facilities  enjoyed  on  the  continent  and  here 
in  the  manufacture  of  iron,  it  may  be  remembered  that  ours  have  been  stated 
to  lie  in  the  possession  of  mines  yielding  coal  upon  more  favourable  condi- 
tions, and  in  the  more  convenient  geographical  distribution  of  our  minerals. 
To  the  last  may  be  added  the  easier  transport  of  our  manufactured  produco 
to  a  seaport,  due  to  the  insular  character  of  our  country.  Against  this  wo 
have  to  set  the  lesser  charge  for  royalties  on  coal  and  ironstone  abroad, 
together  with  the  fact,  not  previously  noticed,  that  their  railway  transport 
is  somewhat  less  costiy  than  with  us,  reckoned  for  equal  distances.  The 
saving  thus  effected  in  France  and  other  places  cannot  account  for  the  dis- 
appearance which  occurs,  to  a  great  extent,  of  the  effect  of  those  natural 
advantages,  economically  speaking,  placed  at  the  disposal  of  the  iron  manu- 
facturers of  this  kingdom. 

So  far  as  a  careful  examination  of  iron-works  producing  above  one-half 
of  the  collective  make  of  France,  Belgium,  and  the  Euhr  district  has  enabled 
Ifr.  Lancaster,  the  iron-majster  of  Wigan,  and  myself  to  judge,  this  is  duo 
neither  to  greater  science  possessed  by  the  iron-master,  nor  to  greater  skill 
on  the  part  of  the  workmen,  but  is  wholly  to  be  ascribed  to  the  cheaper  rate 
at  which  labour  is  obtained  abroad  than  with  us. 

To  ascertain  as  exactly  as  pojssible  whether  the  foreign  artisan  could,  fh3ni 
surrounding  circumstances,  dispose  of  the  work  of  his  hands  upon  cheaper 
terms  than  persons  of  his  own  condition  are  able  to  do  with  ourselves,  I 
made  myself  acquainted,  while  in  Sweden,  France,  Belgium,  and  Prussia, 
with  the  cost  of  the  necessaries  of  life  consumed  by  the  working  population. 
It  is  almost  superfluous  to  say  that  <Jie  creation  of  additional  industry  abroad, 
and  above  all,  the  equalizing  effect  on  prices  by  the  introduction  of  &ee  trade 
here,  have  entirely  changed  the  aspect  of  affairs,  and  that,  in  consequence, 
provisions  are  at  least  20  to  30  per  cent,  dearer  to  the  foreign  labourer  than 
they  were  twenty  years  ago.  Without  going  into  details,  it  may  suffice  to 
say  that  animal  food  is  only  3  per  tsent.  cheaper  in  the  chief  seats  of  con- 
tinental manufacture  than  with  us — while  house-rent  and  clothing  are  about 
the  same  in  value  with  both;  On  the  other  hand,  at  the  present  moment, 
wheat  is  fully  lower  in  England,  and  our  own  workmen  do  not  pay  haK  the 
price  chained  to  persons  of  their  own  class  abroad  for  firing  employed  for 
domestic  use. 

Notwithstanding  this  almost  perfect  equality  in  the  cost  of  the  necessaries 
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of  life,  labour  on  the  continent  is,  in  very  many  instances,  30^|B^^^ii  Wlpw^  >^\  <» 
the  price  it  coinmandB  in  this  kbgdom.  This  estimate  is  base^i^^lolilW^  "^ 
tions  where  there  is  no  room  for  any  great  difference  in  the  nature 
WQ]^  performed,  common  brick-making  being  assumed  as  one  of  the  standards 
of  comparison.  In  the  manufeusture  of  iron  itself  this  difference  is  occasionally 
itjUl  marc  remarkable.  Colliers,  miners,  mechanics,  iron  workers,  in  short, 
ereiy  one  engaged  in  the  process  appear  to  be  receiving  20  to  30  per  cent, 
below  the  rates  current  in  this  country,  and  in  some  cases  double,  and  more 
than  doable,  the  wages  paid  abroad  are  earned  in  our  English  iron-works. 
The  iron-masters  here  have  endeavoured  to  meet  what  would  be  an  intole- 
rable burden  in  the  production  of  an  article  made  up  almost  exclusively 
of  labour,  by  adopting  means  for  reducing  its  amount,  often  considerably 
in  advance  of  those  met  with  in  foreign  establishments.  After  all  this  has 
been  done,  however,  it  leaves  us  to  contend  with  an  extra  charge  of  at  least 
lo  to  20  per  cent,  in  the  item  of  wages,  which,  in  the  majority  of  instances, 
win  be  found  to  annihilate  any  advantage  of  position  we  may  otherwise 
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It  must  be  clear  that  when  this  country  has  to  compete  with  foreign 
nations  in  articles  involving  a  still  higher  amount  of  labour,  such  as  steam- 
engines  and  other  kinds  of  machinery,  the  difference  in  wages  just  alluded  to 
acts  still  more  prejudicially  to  the  advancement  of  our  national  industry. 

To  the  political  economist,  the  question  of  the  future  of  our  iron  trade,  from 
its  magnitude,  cannot  fail  to  be  one  of  great  interest.  The  extent  also  to 
which  steel  has  lately  taken  the  place  of  iron  in  the  arts,  necessarily  confers 
upon  this  material  a  conspicuous  position  in  any  consideration  he  or  the 
metallui^ist  may  bestow  on  the  subject.  This  becomes  more  necessary  from 
the  fact  that  only  a  very  Hmited  number  of  ores  are  capable  of  affording  iron 
of  the  necessary  quality  for  the  production  of  steel,  by  any  of  the  processes 
now  in  existence.  It  is  of  importance,  therefore,  to  know  that  even  in 
Austria,  Sweden,  and  Germany,  where  suitable  mineral  for  this  purpose  docs 
occur,  it  is  found  in  quantities  quite  as  limited  in  extent  as  prevails  with  us ; 
in  France  also,  where  preparations  for  manufacturing  Bessemer  steel  on  a 
very  extensive  scale  are  being  made,  large  quantities  of  ore  are  required  to 
be  imported  &om  Algeria  and  elsewhere  to  obtain  that  kind  of  pig  iron  which 
thdr  own  minerals  alone  are  found  incapable  of  supplying. 

The  great  strength,  however,  or  our  own  position  as  iron  manufacturers,  it 
appeals  to  mc,  must  bo  sought  for  in  these  incomparable  fields  of  coal  which 
constitute  so  important  a  feature  in  our  mineral  wealth.     I  am  very  sanguine 
that  the  advantages  thus  secured  to  us  will,  notwithstanding  present  diffi- 
culties, maintain  the  iron  trade  among  the  most  prominent  of  our  national 
branches  of  commerce.    This  conclusion  is  arrived  at  firom  a  consideration  of 
the  various  circumstances  •connected  vnth  the  use  of  coal  and  the  means 
p'jssessed  by  different  nations  of  satisfying  the  constantly  increasing  demands 
this  use   creates.      In  Great  Britain   we  raise  annually  something  like 
100,000,000  tons  of  this  mineral,  of  which  10,000,000  are  exported,  and 
about  20,000,000  are  devoted  to  the  use  of  our  iron-works,  leaving  thus 
70,000,000  of  tons  for  consumption  in  other  descriptions  of  manufactories, 
purposes  of  locomotion,  and  for  domestic  use.      In  Franco  and  Belgium 
together,  less  than  one-fourth  of  our  production  is  obtained,  and  this  only  by 
great  exertions  being  made  to  obtain  the  largest  possible  quantity  their  mines 
are  capable  of  affording.    After  satisfying  the  requirements  of  the  iron- works 
of  these  two  countries,  not  much  over  15,000,000  of  tons  would  remain  for 
canyiog  on  those  operations  in  which,  with  a  smaller  population,  we  are 
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consuming  70,000^000  tons  of  coal.  Now,  when  we  remember  the  varions 
purposes  to  which  coal  is  now  applied,  and  where  even  a  considerable  aug- 
mentation of  price  will  not  preclude  its  use,  we  must  at  the  same  time  perceive 
the  serious  effect  any  great  change  in  the  value  of  fuel  must  exercise  on  the 
production  of  an  iron  railway  bar  requiring  five  or  six  tons  of  coal  for  its 
manufacture.  In  reality,  this  disproportion  between  the  value  of  coal  and 
iron  as  compared  with  this  country  is  already  perceived  abroad,  where,  not- 
withstanding greater  mining  difficulties  than  we  have  to  contend  with,  fuel 
commands  a  price  sufficient  to  cover  this,  and  also  leave  a  greater  margin  of 
profit  than  fedls  to  the  share  of  the  coal  owner  in  this  countxy. 

Favoured  thus,  as  we  undoubtedly  are  by  nature,  there  seems  nothing^ 
wanting  for  our  success  in  this  noble  branch  of  manufacturing  science  than 
a  continuance  of  that  unflagging  spirit  of  enterprise  on  the  part  of  the 
masters,  and  the  exercise  of  that  operative  skill  on  the  side  of  our  workmen, 
which  is  still  unsurpassed  in  any  iron-producing  country  of  Europe ;  but  in 
this  alliance  a  correct  knowledge  by  both  of  the  competition  we  have  to  meet, 
and  a  thorough  belief  in  the  inseparable  union  of  the  interests  of  each,  are 
indispensable. 


Third  Report  on  the   Structure  and    Classifituiion  of  the    Fossil 

Crustacea.    By  Henry  Woodward,  F.G.S.,  F.Z.S,,  of  the  British 

Museum. 
Since  I  had  the  honour  to  submit  to  the  British  Association  my  last  Bcix>rt 
on  the  Structure  and  Classification  of  the  Fossil  Crustacea,  the  first  part  of 
my  monograph  on  the  Merostomata  has  been^  issued  by  the  Palceontographical 
Society.  About  seven  more  plates  are  already  prepared  for  the  second  part, 
of  some  of  which  I  am  enabled  to  exhibit  proofs. 

The  magnificent  collection  of  remains  of  this  remarkable  group  of  Crus- 
tacea from  the  Devonian  of  Forfarshire,  belonging  to  Mr.  James  Powrie, 
F.G.S.,  of  Keswallie,  are  on  view  in  the  Volunteer  Drill  Hall. 

A  fine  series,  comprising  several  new  forms,  from  the  black  shales  (Upper- 
most Silurian)  are  exhibited  at  the  present  Meeting  (Panmure  St.  Chapel)  by 
Mr.  Br.  Slimon  from  Lcsmahagow,  Lanarkshire,  and  are  worthy  of  a  careful 
inspection  by  all  who  are  interested  in  geology. 

In  the  immediate  neighbourhood  of  Dundee,  at  Montrose,  at  the  Univer- 
sity of  St.  Andrews,  at  Arbroath,  at  Eossie  Priory,  and  in  the  Watt  Insti- 
tution in  the  town  itself,  some  of  the  best  specimens  ever  yet  found  of  the 
remains  of  Pterygotus  are  to  be  seen ;  whilst  Balruddcry  Den,  Carmyllie, 
and  the  quarries  in  the  Sidlaw  Hills,  exhibit  the  "  Arbroath  paving-stones  '* 
and  overlying  fissile  shales,  whence  these  remains  were  procured. 

Among  the  new  forms  which  have  been  obtained  by  Mr.  Slimon  in  liis 
exploration  of  the  shales  of  Logan  Water,  are  some  almost  entire  remains 
of  a  form  allied  to  PUrygotus  punctatus  (called  by  Mr.  Salter  Pt,  scorjnoidfs*), 
which  prove  it  to  be  an  Eurypterus  and  not  a  Ptenjgotus.  Another  new  form 
allied  to  Pi.  btlobus  and  peromatxa,  but  having  the  anterior  segments  much 
broader  and  shorter,  and  with  a  somewhat  different  form  of  thoracic  plate, 

*  A  MS.  label  bearing  this  name  is  attached  to  a  specimen  of  a  portion  of  this  same 
species  in  the  Museum  at  Jermyn  Street. 
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h38  been  met  with.  It  will  be  needful  to  modify  the  specific  name  of  Pt, 
IMuSj  as  the  new  form,  and  peromaius ;  both  have  a  bilobed  telson  likewise. 

U  the  name  is  retained,  it  most  be  applied  to  all  three  forms  thus  : — Pt. 
IMuSy  var.  inomatus  ;  Pt.  bilobus,  var.  crassus*  ;  Pt.  hilohWy  var.  peromatus. 

In  the  Quarterly  Journal  of  the  Geological  Society,  vol.  xxii.  part  1, 
February  1867,  p.  28,  and  in  the  British  Association  Beport  for  1866, 
pi  ISO,  and  Sections,  p.  79,  I  pointed  out  the  affinities  of  the  LimuUdce 
vitb  the  Eurypteridaj  and  in  the  first-named  paper  I  recorded  all  the  forms 
then  known  which,  tended  to  confirm  their  alliance. 

I  have  now  to  notice  a  new  genus  from  Lesmahagow,  Lanarkshire,  which 
offen  farther  evidence  in  confirmation  of  the  correctness  of  the  above-men- 
tioned dassification. 

It  is  a  small  limuloid  formf,  the  carapace  of  which  measures  only  6  lines 
in  breadth  and  2  in  length,  having  5  thoracic  and  3  abdominal  segments,  all 
of  which  appear  to  be  free  and  distinct.  The  telson  is  unfortunately 
Tanting,  the  specimen  being  close  to  the  border  of  the  matrix. 

This  little  form  carries  the  Limtdidce  back  in  time  from  the  Coal-measures 
to  the  Uppermost  Silurian,  a  great  and  important  extension. 

I  shall  take  on  early  opportunity  to  describe  this  form  in  detail,  and  to 
work  oat  its  relationship  to  BeUnurus  on  the  one  hand  and  Hemiaspia  on  the 
other. 

New  Lower  Lias  Crustacean  from  Barrow-on-Soar. 

k  new  Crustacean,  obtained  some  years  since  by  Sir  Philip  Egerton,  Bart., 
M.P.,  from  the  Lower  lias  of  Barrow-on-Soar,  has  since  been  also  found  by 
Mr.  Charles  Moore,  F.G.S.,  near  Bath.  It  is  quite  distinct  from  every  other 
form  which  I  have  examined  frx>m  the  lias  or  Oolite.  Its  nearest  analogue 
is  the  recent  Atya  seabra  of  Leach,  frt)m  South  America.  The  limbs  are 
monodactylouB  and  extremely  rugose ;  the  antennse  are  rigid,  and  the  basal 
joints  thick  and  spinose,  resembling  in  these  points  of  structure  the  genus 
Pdinwrina.  The  rostrum  is  short  and  curved  downwards.  The  carapace 
was  extremely  thin,  and  less  chitinous  than  in  the  genera  Aeger  and  PenceuSy 
it  is  therefore  more  easily  destroyed  or  distorted. 

I  propose  to  name  this  new  form  Prasatya  soahrosa. 

Upper  Lias  Crustacea  from  Uminster, 

Kaviog  been  favoured  with  the  loan  of  a  large  series  of  specimens  for  ex- 
amination from  the  Upper  lias  of  Uminster,  collected  by  Mr.  Charles  Moore, 
F.6.S.,  of  Bath,  I  have  been  enabled  to  add  a  considerable  number  of  genera 
uid  species  to  our  list  of  liassic  Crustacea. 

The  two  species  of  Ert/on,  E,  antiquus  and  E.  Moorei,  have  been  already 
noticed  by  me  from  this  locality  (see  Quart.  Joum.  Geol.  Soc.  vol.  xxii. 
p.  499,  pi.  25,  fig.  3). 

1  have  since  determined  the  following  genera  and  species,  which  will  be 
described  at  length  in  a  paper  by  Mr.  Charles  Moore  on  the  Ilminster  lias, 
now  in  preparation  J : — 

*  Ihis  interesting  form  of  bilobus  exhibits  in  one  instanoe  well-preserred  hranchust  to 
vhich  attention  was  called,  and  drawing  of  which  wetre  shown  by  Mr.  Woodward. 
^Httj  viU  be  figured  in  the  Palflsontomphical  Society's  Monograph  on  the  Merosionuxta. 

^  The  original  specimen  was  exhibited  of  this,  and  also  figures  and  specimens  of  the 
^^  forms  from  Mr.  Slimon's  collection,  beliered  to  be  new. 

t  See  the  Proceedings  of  the  Somersetshire  Arohieological  and  Natural-History     l^cciet 
ToliiiL    Published  ^orember  1867.  Taunton. 
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1.  Eryon,  Desmarest* 

aniiquus,  Brod.  sp* 

Mooreif  H.  W. 

2.  Palinurina,  Miinst. 

'         pygmoML^  Miinst.     Upper  Lias,  Uminster. 
longipeSf  Miinst.     Upper  Lias,  Ilminster. 

3.  Penams,  Eabricius. 

latipes,  OppeL     Upper  Lias,  Bminster.  .1.^ 

4.  Eryma,  Meyer. 

—  elegans,  OppeL     Upper  Lias,  Uminster. 

—  Qrepptni,  OppeL     Upper  Lias,  Uminster. 
/tici/ormw,  Oppel.     Upper  Lias,  Uminster. 

6.  Hefriga,  Miinster. 

Frischmunni,  OppeL     Upper  Lias,  Uminster. 

6.  Glyphcuif  Meyer. 

Heeriy  Oppel.     Upper  Lias,  Uminster. 

7.  PseudoglypTicea,  OppeL 

Winwoodi,  H.  W.    Lias,  Weston. 

(Figures  and  specimens  of  these  new  species  were  exhibited.) 

The  aboYe  list  shows  an  addition  to  our  Liassic  Crustacea  of  seven  genera, 
and  probably  nine  species  new  to  Britain. 

It  is  extremely  interesting  to  notice  so  many  forms  common  to  our  Lias 
and  to  the  Lithographic  stone  of  Solenhofen  in  Bavaria. 

The  persistence  of  such  forms  as  Eryon,  Eryma,  and  OlyphoM  through 
the  whole  Oolitic  series  seems  clearly  to  demonstrate  that  having  escaped 
total  extinction  in  the  Lower  Lias  sea,  they  migrated  from  time  to  time  to 
more  favourable  areas,  and  thus  were  enabled  to  live  on  during  the  periods 
of  time  represented  by  the  long  series  of  deposits  from  the  Lower  lias  to  the 
Lithographic  stone,  in  which  so  many  examples  are  found  fossil. 


Oolitic  farms  of  Decapoda  Brachyura. 

The  genus  Prosopon  was  established  by  H.  von  Meyer  for  certain  minute 
forms  of  Crustacea  from  the  Upper  White  Jura  of  ffirlinger  Thai,  and  other 
localities  in  Germany,  of  which  he  has  described  29  species  (see  Palseonto- 
graphica  for  December  1860,  voL  vii.).  In  addition  to  these  he  has  described 
1  species  from  the  Lower  Oolite,  3  frx)m  the  Coral  Hag,  and  1  from  the  ^eo- 
comian. 

Amongst  them,  however,  are  placed  forms  belonging  to  a  widely  different 
genus  in  no  way  related  to  the  CoryBiidas. 

In  Professor  Bell's  monograph  on  the  Crustacea  from  the  Greensand  and 
Gault  (Pal.  Soc.  Mon.  1 862)  he  has  figured  and  described  one  of  these,  and 
has  correctly  referred  it  to  the  PinnotheridiX,  under  the  generic  name  of 
Plagiophthalmus, 

This  genus  would  probably  include  the  following  species  of  H.  von  Meyer : — 
Prosopon  hebes,  P,  simplex^  P,  rostratum,  P.  spinosum,  P,  elongatum,  P.  de- 
pressum,  P,  ohiusum,  P.  lasve,  P.  sublceve,  P.  punctatum,  P.  Stotzingense,  P. 
tuheroswm. 

The  following  are  doubtful :  P.  insigne,  P.  cpquHatum,  P.  marginatum, 
P.  grande,  P.  ea;cisum,  P.  Ungulatum, 
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For  the  remainder  the  generic  name  Prosopon  Bhould  be  retained,  viz. : 
P.  acuUfUumf  P.  omatum,  P.  torosum,  P,  Hetfdeni,  P,  cequum,  P,  paradoxum. 

To  this  last  division  I  have  now  the  pleasure  to  add  a  new  British  species 
from  Stonesfield. 

This  form  was  first  noticed  by  Professor  Morris,  F.G.8.,  who  obtained  an 
imperfect  carapace  many  years  since ;  it  was  next  observed  by  Mr.  Samuel 
Stutterd,  of  Banbnry,  but  likewise  in  an  imperfect  state.  The  perfect  cara- 
pace now  exhibited  was  kindly  lent  me  by  George  Griffith,  Esq.,  M.A.,  the 
Assistant-General  Secretary  of  the  British  Association.  All  these  three 
specimens  are  from  Stonesfield,  and  they  add  another  new  genus  to  our  list 
of  British  Oolitic  Brachyura.     I  propose  to  name  it  Prosopon  mammiHatum, 

New  Fossil  Land- Crab  from  the  Lower  Eocene, 

Lastly,  I  wish  to  call  attention  to  a  new  genus  of  Crustacea  from  the 
Bed  Marl  of  the  Plastic  Clay,  High  CHff,  Hampshire,  and  is,  I  believe,  the 
first  discovered  example  of  a  British  land-crab,  or  shore-crab,  yet  met  with. 
Its  oblong  quadrangular-shaped  carapace,  with  obtusely  rounded  anterior 
angles  and  short  blunt  rostrum,  remind  one  immediately  of  the  Ocypoda,  In 
addition  to  this,  the  eyes  have  extremely  elongated  peduncles,  which  are 
seen  preserved  in  the  fossil,  lying  in  the  groove  along  the  fronto-orbital 
margin  of  the  carapace,  as  in  the  recent  genera  Gelasimus,  Macrophthalmus, 
and  Oeypoda.  The  hands  are  both  small ;  and  from  this,  as  well  as  from  the 
very  broad  posterior  border  of  the  carapace,  I  infer  that  this  is  a  female 
example,  as  in  most  of  the  recent  species  of  Quadrangulares  the  male  has  one 
hand  enormously  developed  for  burrowing,  whereas  the  hands  of  the  female 
are  both  small  and  very  feeble.  The  other  limbs  are,  like  those  of  the  recent 
species,  well  formed  for  rapid  movement  along  the  ground.  I  propose  to 
name  this  interesting  little  Crustacean  Ooniocypoda  Edwardsi,  in  honour  of 
the  great  French  carcinologist  to  whom  science  is  so  much  indebted*. 


Report  on  the  Physiological  Action  of  the  Methyl  Compounds. 
By  Benjamin  W.  Richardson^  M.A.^  M,D.,  F.R.S. 

ht  the  present  paper  I  produce  the  fourth  of  a  series  of  Heports  which  I  have 
had  the  honour  to  prepare  for  the  British  Association.  The  B^ports  have  all 
had  relation  to  the  physiological  action  of  bodies  of  organic  type.  The  first 
Beport  treated  of  the  action  of  the  substance  known  as  nitrite  of  amyl.  The 
eeeond  was  on  amylic  alcohol,  acetate  of  amyl,  and  iodide  of  amyl.  The  third 
was  on  the  nitrite  of  amyl  as  a  remedy,  and  the  action  of  the  amyls  as  anti- 
septics ;  it  included  also  notes  of  a  research  on  the  physiological  action  of 
absolnte  ether,  hydrofiuoric  ether,  acetate  of  ethyl,  and  nitrite  of  ethyl. 

As  the  matter  of  the  present  Eeport  is  long,  I  shall  not  attempt  to  reca- 
pitulate at  any  length  the  results  of  previous  Eeports ;  I  shall  be  content  to 
offer  as  the  more  salient  points  the  following  facts : — 

In  respect  to  the  amyls — 

1.  Nitrite  of  amyl  was  found  to  be  the  most  active  known  excitant  of  the 
dicnlation. 

»  See  GeoL  Mag.  Dec.  1867,  roL  iv.  p.  529,  pi.  21.  fig.  1. 
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2.  All  the  compounds  of  amyl  which  were  studied  were  found  to  modify  ir 
a  singular  manner  the  motive  animal  power. 

3.  One  compound,  amylene,  is  an  anaesthetic. 

4.  All  the  amyls  were  found  to  he  antiseptics ;  and  acetate  of  amyl,  it  was 
suggested,  might  prohahly  be  used,  on  an  extensive  scale,  for  the  preservation 
of  animal  substances. 

In  respect  to  the  ethyls — 

1.  Pure  oxide  of  ethyl  was  found  to  be  the  best  and  safest  anaesthetic  for 
general  anaesthesia. 

2.  Hydrofluoric  ether  was  found  to  be  a  most  powerful  agent  for  the  de- 
struction or  resolvency  of  living  animal  tissues. 

3.  Nitrite  of  ethyl  was  discovered  to  possess  an  action  similar  to  that  of 
the  nitrite  of  amyl,  but  with  this  striking  difference  in  young  animals^ — that 
when  they  are  made  to  receive  it  until  they  seem  to  be  quite  dead,  they 
wiU  remain  as  if  dead  for  eight  and  even  ten  minutes,  and  will  then  faintly 
recommence  to  breathe,  the  heart  following  in  its  action ;  this  condition,  look- 
ing like  an  actual  return  of  life,  will  sometimes  last  as  long  as  half  an  hoar, 
and  will  then  gradually  cease,  the  animal  lapsing  into  actual  inertia  or  deatL 

Such  are  a  few  of  the  facts  elicited  by  these  preceding  researches ;  but  as 
the  Association  is  always  anxious  to  learn  what  praeticid  results  have  been 
obtained  from  its  works,  or  from  works  performed  under  its  auspices,  I  shall 
be  pardoned  if  I  refer  to  one  or  two  of  the  results  that  have  followed  upon 
the  present  series  of  Reports. 

The  experimental  truths  which  have  been  brought  out  in  regard  to  the 
nitrite  of  amyl  have  led  to  the  application  of  this  substance  to  the  alleviation 
of  human  suffering.  Dr.  Heydon  of  Dublin  has  used  the  nitrite  with  advan- 
tage in  the  treatment  of  cholera,  in  the  later  stages  of  the  malady.  Diluted 
with  ether  in  the  proportion  of  5  per  cent.,  the  nitrite  has  been  shown 
to  exert  a  marked  controlling  influence  over  painful  spasmodic  breathing; 
and  I  hear  that  Dr.  Brunton,  of  Edinburgh,  has  resorted  to  it  with  great 
success  in  the  treatment  of  one  of  the  most  terrible  of  all  maladies,  cardiac 
apncea,  or  angina  pectoris. 

The  Eeport  last  year  on  ether,  although  written  very  briefly,  has  excited 
much  practical  interest  both  here  and  in  America.  It  has  led  to  the  intro- 
duction into  medicine  of  a  more  stable  and  reUable  ether  compound;  and  it 
has  caused  many  surgeons  to  return,  with  satisfaction,  to  the  use  of  ether  as 
an  anaesthetic  in  preference  to  the  more  dangerous  agent  chloroform. 

It  is  my  hope  that  the  Eeport  now  in  hand,  and  which  at  the  request  of 
the  Committee  is,  this  year,  on  the  Methyl  compounds^  will  not  prove  of  less 
service. 

RESEARCH  ON  THE  METHYLS. 

The  methyl  series  of  organic  compounds  are  already  known  in  physiologi- 
cal science  through  one  or  two  of  thieir  representativefi,  direct  or  substituted. 
Thus  we  have  in  the  series  the  hydride  of  methyl,  or  marsh-gas,  or  fire- 
damp, which,  as  a  cause  of  death,  has  been  generally  studied,  and  which,  in- 
deed, has  not  escaped  the  intelligent  observation  of  Mr.  Nunneley,  of  Leeds, 
as  an  anaesthetic  agent.  Then,  again,  as  substitution-products  of  this  series, 
we  have  the  weU-known  agent  chloroform,  the  terchloride  of  formyle :  and 
lastly,  we  have  a  substance  concerning  which  there  has  been  considerable 
discussion  of  late,  the  tetrachloride  of  carbon,  also  an  anaesthetic. 

Before  I  go  further,  and  that  all  may  be  carried  with  me,  let  me  briefly 
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state  what  componnds  of  the  methyl  series  are  about  to  engage  our  attention, 
and  what  ia  their  nature  and  derivation. 

llie  most  common  methyl-compound,  that,  in  fact,  which  came  first  to  the 
use  of  the  world  at  large,  is  what  is  called  methyl-alcohol  or  wood-spirit- 
naphtha, — a  substance  which  comes  over  in  combination  with  water  during  the 
dry  distOlation  of  wood.  Chemically  considered,  this  and  all  the  other  bodies 
of  the  series  are  constructed  on  a  radical  called  methyl.  This  radical,  which 
has  only  been  isolated  by  one  or  two  observers,  exists  as  a  permanent  gas.  Its 
composition,  according  to  the  new  formula,  is  C  H,. 

^m  this  radical  we  have  handed  to  us  by  the  chemist  two  sets  of  com- 
pounds. In  one  set  we  have  the  radical  acting  as  a  base,  producing  by  com- 
iNnatLon  with  other  elements  bodies  which  may  be  taken  as  the  analogues  of 
sltB.  In  the  second  set  we  have  the  carbon  continuing  steady,  but  the  hy- 
drogen replaced  by  some  other  element.  For  convenience  sake,  I  will  place 
aieh  compounds  as  I  have  studied  physiologically  in  two  groups,  as  fol- 
lows:— 

Geoup  (A). 

Methylio  alcohol ^  h'  1  ^• 

Hydride  of  methyl       1  C  H  H 

MArah-gas — ^firedamp  J  '     ' 

Chloride  of  methyl CH3CI. 

Iodide  of  methyl 0  H,  I. 

Bromide  of  methyl C  H3  Br. 

fCH,01o_ 


Acetate  of  methyl 


Kethylic  ether     

Nitrite  of  methyl CH^VNO,. 

Mtrate  of  methyl     j^.^^  1  0. 

Geoxtp  (B). 

Chloroform CHCl,. 

Tetrachloride  of  carbon   C  Cl^. 

Bichloride  of  methylene , .     CBL,  Cl^. 

PHTSIOLOGICiX  ACTION  OP  MeTHYLIC  AlCOHOL. 

The  methylic  alcohol  used  was  the  pure  alcohol.     It  ia  a  colourless  spirit, 
its  specific  gravity  0-810,  its  boiling-point  140°  Fahr.     The  physiological  ac- 
tion may  bo  obtained  either  by  direct  administration  with  water,  or  by  inha- 
lation of  the  vapour.     When  the  methylic  alcohol  is  thus  administered  so  as 
to  produce  distinct  effects,  the  first  symptoms  are  those  of  excitement  followed 
by  languor.     These  symptoms  are  succeeded  by  laboured  breathing,  and  soon 
by  gaspings,  and  by  deep  sighs  which  occur  at  intervals  of  about  four 
seconds.   There  is  eridenced  upon  this,  want  of  power  in  the  limbs  with  rol- 
ling movements  on  the  side  and  complete  intoxication.     From  this  time,  if 
the  dose  of  the  alcohol  is  continued,  the  animal  lapses  into  utter  prostration, 
and  the  breathing  becomes  blowing,  with  what  is  technically  called  bron- 
chial rale,  due  to  the  passage  of  air  through  fluid  in  the  finer  bronchial  pas- 
sages.   Throughout  dl   these    stages   of   intorication  there  is  imperfect 
1867.  E 
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ansesthesia,  and,  up  to  wliat  would  seem  the  extremity  of  living  action,  t^me 
evidence  of  sensibility — reflex — is  shown  when  irritation  is  applied.  Brought 
to  the  lowest  state  of  prostration  by  methylic  alcohol,  an  animal  will  always 
recover  slowly  in  a  warm  atmosphere ;  the  period  required  for  recovery  being 
from  four  to  six  hours  at  65°  F.  During  recovery  there  are  no  active  con- 
vulsive movements,  and  tremors  are  not  marked  symptoms. 

When  the  intoxication  arising  from  methylic  alcohol  is  carried  to  the  ex- 
tent of  destroying  life,  the  respiration  and  circulation  cease  almost  simulta- 
neously. The  lungs  are  left  with  a  fair  amount  of  blood,  and  both  sides  of 
the  heart  contain  blood.  The  brain  is  much  engorged  with  blood,  and  all  the 
vascular  organs  are  in  the  same  state.  The  blood  is  not  objectively  changed 
in  character.  At  first,  during  the  state  of  excitement,  it  gives  to  the  external 
vascular  parts  a  marked  redness ;  but  as  the  symptoms  are  more  permanent 
on  the  ono  side,  or  as  recovery  is  pronounced  on  the  other  side,  this  passes 
away.  The  coagulation  of  blood  is  somewhat  prolonged,  but  is  not  pre- 
vented. 

The  evidence,  on  the  whole,  is  to  the  effect  that  methylic  alcohol  influences 
principally  the  motor  centres  of  the  nervous  system.  At  all  events  these 
centres  are  prominently  influenced,  and  it  is  probably  only  when  they  begin 
to  fail  that  the  centres  of  consciousness  and  sensation  succumb.  In  this 
respect  the  methylic,  the  ethylic,  and  the  amylic  alcohols  have  a  common 
action.  But  on  comparing  the  effects  generally  of  methylic  alcohol  with  those 
of  amylic  and  of  ethyUc  or  common  alcohol,  I  find  the  methylic  much  less 
potent.  It  produces  prostration  and  muscular  paralysis  more  quickly,  but  from 
that  prostration  recovery  is  far  more  rapid.  I  showed,  previously,  in  regard  to 
amylic  alcohol  that  when  the  loss  of  power  of  the  animal  under  its  influence 
is  complete  a  peculiar  symptom  is  developed,  viz.  a  universal  tremor,  accom- 
panied with  a  very  deep  inspiration.  There  is  no  spasm,  no  pain,  no  rigidity, 
but,  in  medical  language,  rigors  of  an  intense  kind.  These  rigors  are  soon 
established  in  regular  rhythm,  and  by  maintaining  the  experiment  cautiously, 
they  may  be  kept  up  for  several  hours.  I  have  seen  them  for  one  hour  at 
the  rate  of  sixteen  in  a  minute  as  regalarly  as  possible,  and  by  reduction 
of  the  agent  have  lowered  them  to  twelve,  eight,  and  four  per  minute.  All 
through  the  breathing  is  tranquil  and  the  action  of  the  heart  good.  The 
rigor  occurs  spontaneously  in  this  manner,  but  it  can  be  excited  at  any  mo- 
ment by  touching  the  animal  or  blowing  upon  it,  or  even  by  a  sharp  noise, 
such  as  tho  snap  of  the  finger.  When  the  animal  is  reduced  to  entire  insen- 
sibility, if  it  be  laid  in  the  open  air  it  begins  to  recover  its  sensibihty  at 
once,  but  the  power  to  mpve  is  suspended  for  two  or  three  hours,  and  the 
rigors  also  continue,  but  vrith  decreasing  force  and  frequency,  intimately 
the  animal  recovers  thoroughly,  and  is  always  very  eager  for  food.  When 
these  urgent  and,  as  they  would  seem,  extreme  symptoms  are  carried  to  their 
full  extent,  even  an  experienced  observer  would  think  that  recovery  were  im- 
possible ;  but  in  truth  the  animal  cannot  be  killed  by  any  fair  play  with  amylic 
alcohol.  In  order  actually  to  kill,  it  is  necessary  to  complicate  the  experi- 
ment by  actual  reduction  of  air,  or  by  closing  the  chamber  and  retaining  the 
carbonic  acid  of  the  breath.  I  showed  again,  in  regard  to  ethylic  alcohol, 
that  in  a  minor  degree  these  same  symptoms  were  developed.  In  poisoning 
by  methylic  alcohol  these  symptoms  are  nearly  altogether  absent.  The  recovery 
is  not  only  rapid,  but  easy,  approaching,  in  fact,  recovery  from  the  inhala- 
tion of  ether. 

I  notice  specially  this  difference  of  action  of  the  three  analogous  alcohols 
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f jF  two  reasons ;  first,  because  the  fact  is  an  exposition  of  a  general  physio- 
logical law  in  relation  to  bodies  of  the  same  series ;  and  secondly,  because 
there  is  a  practical  lesson  behind  bearing  upon  the  employment  of  these  sub- 
jlances.  The  physiological  law  is  this,  that  the  period  of  time  required  by 
these  bodies  to  produce  their  effects,  and  the  period  of  time  required  for  re- 
coveiy,  turns  altogether  on  the  evaporating-point  of  the  fluid  used.  This  is  so 
cmain  that  when  in  an  analogous  series  of  fluids  the  action  of  one  of  the 
Jcries  is  well  learned,  the  action  of  the  others  may  be  safely  predicted  from 
ih*  boiKng-point.  In  illustration,  here  are  these  three  alcohols — amylic 
u^obol,  ethylic  alcohol,  and  mcthylic ;  the  first  boik  at  270°  Fahr.,  the 
^•e-3d  at  174°,  the  third  ac  140°.  If  we  intoxicate  three  animals  of  the 
wice  kind  with  these  alcohols,  carrying  the  symptoms  in  each  case  to  the 
^^3e  deg^.,  and  then  leave  the  animals  to  recover  in  the  same  temperature, 
5jt60^, — ^then  if  the  animal  in  the  methylic  alcohol  be  four  hours  recovering, 
tla^  one  in  ethylic  alcohol  will  be  seven  hours,  and  the  one  in  amylic  vtdll  be 
liiiteen  hours. 

The  explanation  of  this  fact  is  very  simple,  and  reduces  the  phenomenon 
to  a  question,  I  had  almost  said,  of  mechanical  force.  The  alcohols  taken 
'Sto  the  body  enter  into  no  combination  which  changes  their  composition. 
Iliej  pass  out  of  the  body  chemically  as  they  entered  it,  and  their  evolution 
snd  the  time  of  their  evolution  is  a  mere  matter  of  so  much  expenditure  of 
force  (caloric)  to  raise  them  and  carry  them  off.  To  test  this  more  directly, 
uitoxicatcd  animals  were  placed  in  different  degrees  of  temperature  with  the 
unening  result  of  a  quickened  recovery  in  the  higher  degrees. 

The  practical  lessons  I  would  refer  to  are  two  in  number.  I  would  sug- 
P^i  that  in  all  cases  of  alcoholic  poisoning  in  the  human  subject,  the  most 
important  condition  for  recovery  is  a  high  temperature.  The  use  of  the  hot- 
air  bath  raised  to  150®  or  even  180°  would  be  the  most  perfect  means  of  re- 
^^.  Neict  I  would  point  out  that  as  methylic  alcohol  is  much  more  rapid 
^  its  action,  and  much  less  prolonged  in  its  effects  than  is  common  alcohol,  it 
^ould  be  used  with  great  advantage  by  the  physiological  physician  in  all 
^  where  he  feels  a  demand  for  an  alcoholic  tihat  shall  act  instantly,  and 
^th  the  least  possible  ultimate  expenditure  of  animal  force  for  its  elunina* 
^<  It  must  1)0  observed  that  in  the  end  all  these  alcoholic  bodies  are 
^i^ressants,  and  although  at  first,  by  their  calling  vigorously  into  play  the 
natural  force,  they  seem  to  excite,  and  are  therefore  called  stimulants ;  they 
t-<^inselves  supply  no  force  at  any  time,  but  take  up  force,  by  which  means 
"^y  get  away  and  therewith  lead  to  exhaustion  and  paralysis  of  power.  In 
othfcr  words,  the  calorific  force  which  should  be  expended  on  the  nutrition  and 
^•asation  of  the  body  is  expended  on  the  alcohol. 

I  have  only  to  add  to  this  recommendation  of  methylic  alcohol  as  a  me- 
wiciae  in  substitution  for  common  alcohol,  that  the  methylic  spirit  when  quite 
P^eis  extremely  palatable,  that  it  mixes  easily  with  water,  hot  or  cold,  and 
^at  it  makes  excellent  toddy  in  the  proportion  of  half  an  ounce  to  half  a 
p^t  of  hot  water.  In  a  conversation  I  had  a  few  days  ago  with  one  of  those 
'^terans  in  physic,  who  links  the  medicine  of  the  last  generation  with  the 
teint,  he  told  me  that  the  most  celebrated  physician  and  scholar  of  his 
?»liiaintance  having  once  tasted  wood-spirit  took  to  it  as  a  drink,  and  liked 
'tso  much  better  than  any  other  stimulant  that  he  held  to  it  to  the  last,  to 
uie  long  term  of  well  nigh  ninety  years. 

s2 
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The  Hydride  of  Methyl. 

The  hydride  of  methyl  occurs  naturally  in  the  form  of  firedamp  in  mines, 
and  marsh-gas  on  land.  It  is  made  artifically  by  heating  together  in  a  strong 
flask  acetate  of  soda,  caustic  potash,  and  well-dried  lime.  For  physiological 
experiment  the  hydride  of  methyl  can  only  be  administered  by  inhalation.  It 
is  a  pleasant  gas  to  inhale,  producing  no  irritation,  nor  yet  giving  rise  to  any 
of  those  feeHngs  of  excitement  wluch  are  induced  by  nitrous  oxide  gas,  or 
the  vapour  of  chloroform. 

As  the  gas  is  often  a  cause  of  death  in  mines,  I  thought  it  was  worth  in- 
quiring what  percentage  of  it  would  prove  fatal  in  the  air.  I  therefore  had 
constructed  a  glass  chamber  through  which  an  atmosphere  charged  with 
known  quantities  of  the  gas  could  be  passed.  To  my  surprise  I  found  that 
even  pigeons,  animals  peculiarly  susceptible  to  the  influence  of  narcotic  gases, 
could  live  in  an  air  charged  with  not  less  than  35  per  cent,  of  the  gas  for  the 
space  of  half  an  hour,  while  I  could  myself  inhale  the  air  coming  from 
their  chamber  without  anxiety. 

When  by  pushing  the  inhalation  fiirther  death  is  induced,  it  is  as  a  very 
gentle  sleep,  so  gentle  indeed  that, it  is  difficult  to  say  when  the  action 
either  of  the  circulation  or  of  the  respiration  is  over.  The  lungs  are  left 
with  blood  in  them,  the  heart  has  blood  on  both  sides,  and  the  blood  itself 
retains  its  natural  character.  The  death  is  by  the  slow  negation  of  breath- 
ing. We  may  gather  from  these  facts  many  important  lessons  in  regard  to 
the  risks  and  dangers  of  miners  from  firedamp.  I  should  think  it  is  almost 
impossible  that  any  body  of  men,  or  any  men  who  were  awake  in  a  mine, 
could  be  so  entrapped  with  firedamp  only  as  to  die  in  the  absence  of  an  ex- 
plosion. In  accidents  where  this  seems  to  have  occurred,  I  should  imagine 
that  with  the  firedamp  there  is  also  evolved  carbonic  acid  gas.  I  can,  how- 
ever, imagine  after  an  explosion,  when  the  mine  becomes  for  a  moment  a 
great  vacuum,  that  there  would  be  sufficient  entrance  of  the  gas  to  produce 
a  fatal  atmosphere.  In  such  case  death  would  be  prolonged,  but  as  easy  as 
sleep ;  two  truths,  which  in  cases  of  accident  should  inspire  thankfulness  and 
hope — thankftdness  that  those  who  thus  die  for  us  suffer  little,  hope  as  to 
the  possibility  of  rescue  which  should  not  for  days  be  abandoned.  The  best 
direct  means  of  recovery  of  those  under  the  influence  of  firedamp  is  expo- 
sure to  heated  air,  with  the  administration  of  warm  nourishing  drinks,  such  as 
milk.     AlcohoUcs  do  decided  harm. 

[From  this  point  the  author  proceeded  at  length  with  the  descriptions  of 
the  actions  of  chloride  of  methyl,  the  iodide,  bromide,  and  acetate,  methylic 
ether,  nitrite  of  methyl,  and  the  nitrate,  which  we  must  very  briefly  reconl, 
and  pass  to  his  researches  on  chloroform  and  its  allies.] 

Chloride  of  Methyl. 

The  chloride  of  methyl  made  by  the  direct  action  of  hydrochloric  acid  on 
methyUc  alcohol  can  only  be  conveniently  used  for  physiological  purposes, 
as  a  gas,  or  as  a  gas  saturating  ether.  It  must  therefore  be  administered  by 
inhalation  to  see  its  full  effect.  I  took  some  of  it  by  the  mouth  in  solution 
with  ether,  but  the  heat  of  the  mouth  prevented  me  from  swallowing  it  per- 
fectly. Inhaled  with  atmospheric  air,  in  the  proportion  of  15  per  cent,  it 
produces  in  all  animals  good  anaesthesia,  without  excitement  and  with  excel- 
lent recovery.  Carried  to  the  extent  of  causing  death,  the  action  of  the 
heart  outlives  the  respiration ;  the  lungs  are  left  with  blood  in  the  pulmonic 
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anxat,  and  both  sides  of  the  heart  are  filled  with  blood  which  is  little 
ebaziged  in  colour.  The  mnsdes  retain  their  irritability  after  death,  and  are 
capable  of  response  to  galvanism  for  two  and  even  three  hours  after  death, 
while  tile  heart  ^iH  continue  to  pulsate  spontaneously  for  half  an  hour  or 
eren  forty  minutes. 

Iodide  op  Methyl. 

The  iodide  of  methyl  that  was  used  was  made,  in  the  usual  way,  by  distil- 
ling wood-spirit  with  iodine  and  phosphorus ;  viz.  12  of  spirit  with  8  of 
iodine,  and  1  of  phosphorus.  The  fluid  at  first  was  nearly  colourless,  and 
boiled  at  108^  Fsdir.,  its  sp.  gr.  being  2-199.  Although  kept  well  excluded 
iim.  the  light  it  underwent  slight  change,  setting  iodine  free.  It  is  altoge- 
tkr  a  very  difficult  compound  to  manipulate  with,  physiologically,  in  the  con- 
centrate form.  It  can  he  managed  better  when  diluted  with  methylic  alcohol 
or  with  ether.  I  succeeded,  however,  to  subject  animals  to  the  vapour,  and 
diK»vered  that  in  proportions  of  10  per  cent,  the  action  of  the  iodide  is  the 
ame  as  that  of  the  chloride,  ».  e,  it  is  a  very  good  ansBsthetic.  When,  how- 
tTer,  the  iodine  is  escaping  there  is  profuse  lachrymation  and  salivation. 
There  is  also  free  secretion  from  the  bronchial  surface,  and  one  animal  died 
from  this  accidental  bronchitis  some  hours  after  it  had  recovered  from  the 
ana^thesia. 

Bbomi])£  op  Methyl. 

The  bromide  of  methyl,  the  analogue  of  the  chloride  and  iodide,  bromine 
taking  the  place  of  chlorine  or  iodine,  is  a  substance  having  a  specific  gravity 
of  1*660,  and  a  boiling-point  of  55°  F.  I  used  it  in  experiment  by  inhalation 
alone,  and  also  in  oomhination  with  ether  in  equal  parts.  It  was  discovered 
as  good  an  ansesthetic  as  the  chloride,  and  recovery  was  perfect ;  but  there 
was  some  degree  of  irritation  and  salivation  excited,  results  probably  due  to 
&ee  bromine.  The  irritation  is  produced  chiefly  in  the  eyes  and  in  the 
salivary  glands,  causing  lachrymation  and  salivation. 

Acetate  of  Methyl. 

The  acetate  of  methyl  obtained  by  distilling  acetate  of  soda,  oil  of  vitriol, 
aid  methylic  alcohol,  with  rectification  over  lime  and  chloride  of  calcium,  is 
a  dear  fluid  with  an  agreeable  odour.  Its  specific  gravity  is  '910,  and  its 
boiling-point  136°  Fahr.  It  is  administered  easily  by  inhalation,  and  iu  four 
minutes,  in  the  proportion  of  9  per  cent.,  it  produces  gentle  sleep  with  quick 
recovery  if  the  administration  be  short.  Prolonged  inhalation  causes  difficult 
breathing.  It  is  a  substance  which  admits  of  being  largely  used  in  medicine, 
^  cases  where  a  diaphoretic  and  narcotic  are  required  in  combination. 

Methylic  Ether, 

This  substance,  obtained  by  the  action  of  sulphuric  acid  on  methylic  alcohol, 
is  a  gas  at  ordinary  temperatures,  and  does  not  admit  of  being  used  physio- 
logi(^ly  in  any  other  state.  It  has  an  agreeable  odour,  and  is  teken  up 
easily  by  ether.  I  used  it  most  conveniently  with  ether,  liberating  it  by  heat 
below  the  boiling-point  of  the  ether.  Administered  by  inhalation  it  produced 
perfect  anaesthesia,  and  that  in  an  easy  and  rapid  manner.  The  breathing 
is  scarcely  disturbed,  and  the  action  of  the  heart  is  extremely  regular.  Ee- 
covery  is  not  very  rapid,  but  perfect. 
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NiTBiTB  Asm  NmuTB  OT  Methyl. 

Tho  nitrite  and  the  nitrate  of  methyl  possess  an  action  so  mucli  in  com- 
mon that  I  may  take  them  together.  The  nitrite  made  by  the  action  of  ni- 
trons acid  on  methylic  alcohol  is  most  conveniently  used  with  ether.  The 
nitrate  made  by  distilling  the  wood-spirit  with  nitrate  of  potash  and  sulphuric 
acid  can  bemused  directly.  It  is  a  heavy  liquid,  having  a  specific  gravity  of 
I'lSO  and  a  boiling-point  of  140°  Fahr. 

As  with  the  nitaites  of  amyl  and  ethyl,  tho  action  of  these  substances  is 
to  produce  intense  excitement  and  rapid  action  of  the  heart  and  arteries. 
The  action,  however,  is  not  so  vehement  as  from  nitrite  of  amyl,  and  a  lon- 
ger inhalation  is  required  before  the  excitement  is  perceived.  In  tho  human 
subject  the  face  becomes  red,  the  vessels  of  the  head  seem  fall  and  distended, 
and  the  pulse  is  readily  brought  up  to  120  and  even  130.  On  the  inferior 
animals  the  same  excitement  is  manifested,  and  death  is  preceded  by  convnl- 
sive  jerks.  After  death  the  lungs  are  found  collapsed  and  white,  and  the 
heart  flaccid  and  full  of  blood  on  both  sides.  On  exposure  to  the  air  tho 
heart  recommences  to  contract,  and  continues  its  contractions  for  long  periods, 
in  one  case  (a  rabbit  being  tlie  subject)  for  forty  minutes.  The  blood  in  tho 
blood-vessels  remains  fluid  for  an  hour  or  more,  hut  coagulates  readily  on 
exposure  to  a  warm  air.  The  muscles  throughout  the  whole  of  the  body  arc 
flaccid,  but  will  contract,  for  periods  of  one  and  two  hours  after  death,  under 
the  influence  of  the  galvanic  current.  Neither  nitrite  nor  nitrate  of  methyl 
produce  true  ansBsthesia. 

Of  the  two  substances  tho  nitrate  of  methyl  is  most  conveniently  used, 
and  as  it  possesses  all  the  physiological  properties  of  nitrite  of  amyl  with  less 
energy,  it  would,  I  think,  bo  the  best  agent  in  medicine.  Its  power  in  pro- 
ducing muscular  relaxation  is  most  marked  and  general,  and  its  employment 
in  oases  of  a  desperate  spasmodic  character,  as  in  tetanus,  would  be  a  rational 
goientiflo  procedure. 

I  now  come  to  the  second  group  of  substances  to  which  I  have  directed 
attention ;  viz.,  chloroform,  tetrachloride  of  carbon,  and  bichloride  of  metliy- 
lene. 

Chloboforh. 

Chloroform  made  by  the  action  of  bleaching-powder  on  methylic  alcohol, 
or  ethylic  alcohol,  is  a  substance  so  well  known  as  an  anaesthetic  that  I  shall 
dwell  but  very  briefly  upon  it.     It  has  a  specific  gravity  of  1-495,  and  it  boils 
at  142°  Pahr.     From  the  large  number  of  experiments  I  have  made  with  this 
substance  to  determine  its  mode  of  action,  and  the  manner  in  which  it  some- 
times destroys  life,  I  am  led  to  the  conclusion  that  its  first  influence  is  always 
exerted  on  tho  centres  of  motion  of  the  nervous  system  with  an  exteusion  ol' 
that  action  to  the  centres  of  volition  and  sensation.     I  agree  with  Dr.  Snow 
in  tracing  out  four  distinct  stages  in  its  action,  one  of  gentle  excitement  of 
the  circulation,  a  second  of  exalted  action  of  the  motor  certres,  a  third  of 
depression  of  motion  with  destruction  of  consciousness,  and  a  fourth  of  com- 
plete paralysis  of  motion  and  sensation.    I  have  also  been  led  slowly  to  tho 
conviction  that  tho  cause  of  death  from  chloroform  is  in  every  case  due  to 
arrest  of  nervous  function,  and  that  the  idea  of  any  direct  action  of  the  agent 
on  the  muscular  structure  of  the  heart  is  without  foundation.   In  eighty-seven 
experiments  conducted  specially  to  determine  the  direct  influence  of  chloro- 
form on  tho  heart,  1  found  in  every  case  that  organ  capable  of  reaction  on  it> 
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expoBoiB  to  the  air,  and  the  lungs  always  bloodless,  wbita»  and  collapsed ;  I 
^Hind,  in  fact,  precisely  the  same  state  of  things  as  occois  when  the  medulla 
oblongata  is  rendered  inactive  by  extreme  cold.  The  mean  period  of  time 
doniig  which  the  muscles  respond  to  galvanism  after  death  by  chloroform 
vanes  from  twenty  minutes  to  half  an  hour.  The  coagulation  of  the  blood 
i^natnraL 

The  advantages  of  chloroform  over  other  auBestheticSy  so  far  known,  are  its 
radiness  of  application,  and  the  prolonged  action  of  the  anssthesia  induced. 
Its  main  disaidTantage  lies  in  its  high  boiling-point,  and  the  consequent 
aiQoant  of  force  required  to  eliminate  it  from  fiie  body.  Indeed,  according 
to  mv  experience  it  is  never  eliminated  purely  by  the  lungs,  but  by  all  the 
noeting  organs,  so  that  any  error  or  deficiency  in  those  organs  may  lead  to 
sodi  suppression  of  elimination  that  the  nervous  centres  may  become  over* 
iriiehoed,  with  consequent  arrest  of  their  activity.  The^temperature  of  tho 
air  exerts  a  nuirked  influence  on  the  effects  of  chloroform  in  this  respect  of 
elimination ;  the  influence  of  the  anaesthetic  being  greatly  prolonged  when 
the  air  is  loaded  with  moisture  and  the  thermometer  is  low.  The  best  means 
of  restoratioii  in  impending  death  from  chloroform  is  the  introduction  into 
the  lungs  by  artificial  respiration  of  air  heated  to  130°  Eahr.  Under  this 
influence,  in  animals  even  with  the  chest  laid  open,  tho  heart  is  seen  to  leap 
into  instant  activity  and  the  arteries  to  recommence  pulsation.  In  one  expe- 
riment this  restoration  of  vascular  motion  was  so  distinct  that  the  blood  made 
its  way  round  the  arterial  circuit,  the  nervous  centres  regained  power,  and 
the  animal  (a  dog)  may  be  said  temporarily  to  have  lived  again. 

To  fill  the  Inngs  wiUi  warm  air  for  the  purpose  described,  a  small  pair  of 
handbellows  connected  with  a  tube  of  thm  metal,  in  a  coil,  answers  well. 
With  a  spirit  lamp  the  coil  can  be  almost  instantly  made  hot,  and  the  air 
passng  through  it  with  brisk  force  can  easily  bo  raised  to  130°  Fahr.  It  is 
only  necessary  to  inject  the  air  through  one  nostril. 

TETRA.CH10BIDE  OP  CaXBON. 

Recently,  the  substance  known  as  C  Cl^ — the  tetrachloride  of  carbon— « 

has  been  brought  into  use  as  a  substitute  for  chloroform.     In  this  body  all 

&e  hydrogen  elements  of  marsh-gas  are  substituted  by  chlorine,  and  it  is 

indeed  the  final  result  of  the  action  of  chlorine  on  that  gas.     It  is  a  fluid  of 

not  very  pleasant  odour;  its  boiling-point  is  172°  Fahr.,  its  specific  gravity 

»  1'600.     As  this  substance  is  now  gaining  importance,  I  have  thought 

it  proper  to  subject  it  to  very  careful  experiment,  and  I  feel  it  my  duty  to 

state,  both  on  theoretical  and  practical  grounds,  that  it  is  more  dangerous 

than  chloroform,  and  if  it  were  as  generally  used  it  would  act  fatally  in 

a  much  lai^r  number  of  cases.    In  its  action  it  presents  the  same  four 

i^t^res  as  chloroform,  but  the  second  stage  is  more  prolonged  and  intensified. 

la  one  animal  (a  rabbit)  tetanic  convulsion  of  an  extreme  character  was 

presented  during  this  stoge.     But  the  worst  feature  in  the  administration 

of  this  body  is  the  slowness  of  its  elimination,  a  slowness  fully  accounted 

for  by  the  boiling-point.     Saturating  the  nervous  centres,  and  expending 

their  force  to  the  fiiUest,  it  kills  far  more  quickly  and  determinately  than 

chloroform,  and  so  completely  is  motion  paralyzed  that  the  muscles  scarcely 

pesp<Mid  to  galvanism  fivo  minutes  after  dissolution.     In  order  to  make  an 

exact  comparison  (and  it  is  from  this  comparison  I  draw  the  results  arrivod 

^),  I  plaoed  animals  of  the  same  kind,  at  the  same  time,  at  the  same  tern- 
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perature  in  chambers  of  the  same  size,  and  administered  the  same  doses  of 
chloroform  and  of  the  tetrachloride  of  carbon.  Pigeons  and  rabbits  alike 
gave  evidence  of  the  more  severe  effects  of  the  latter  substance.  In  this  opi- 
nion my  friend  Dr.  Sedgwick,  who  has  rendered  me  the  most  valued  aid  in 
these  inquiries,  entirely  coincides. 

The  Bichloride  of  Methylene. 

The  last  compound  on  our  list  is  of  great  interest,  from  the  circumstance 
that  it  promises  to  be  a  new  and  valuable  anaesthetic.  In  experimenting 
with  chloride  of  methyl  in  ether,  I  was  so  struck  with  its  good  action  that  I 
asked  Mr.  Eobbins,  the  chemist  who  has  prepared  the  compounds  for  me,  to 
endeavour  to  find  a  more  stable  compound,  having  similar  physical  properties, 
from  the  methyl  series.  In  a  few  days  he  brought  me  the  fluid  I  now  place 
before  the  Section,  made  for  him  by  Dr.  Versman.  This  fluid  is  the  bichlo- 
ride of  methylene.  It  is  formed  by  the  action  of  nascent  hydrogen  on 
chloroform,  and  it  differs  from  chloroform  in  that  one  atom  of  chlorine  is  re- 
placed by  an  atom  of  hydrogen.  Its  boiling-point  is  88°  Fahr,  and  the  odour 
of  its  vapour  is  sweet  and  much  like  that  of  chloroform.  On  testing  it  phy- 
siologicdly  I  found  it  to  be  a  gentle  and  perfect  general  anaesthetic.  Under 
its  influence  animals  lapse  into  the  third  stage  of  anaesthesia,  with  the 
slightest  exhibiton  of  the  stage  of  excitement.  The  insensibility  is  deep  and 
well  sustained,  and  the  recovery  quiet  and  good.  [Dr.  Eichardson  here 
showed  an  experiment  of  putting  a  pigeon  into  a  deep  sleep.]  In  some 
experiments,  in  order  to  see  the  extreme  effect,  I  have  carried  the  adminis- 
tration to  the  extent  of  arresting  the  phenomena  of  life.  I  have  thus  learned 
that  the  respiration  and  circulation,  under  the  last  action  of  this  agent,  cease 
simultaneously,  and  that  the  muscles  retain  their  irritability  for  even  an 
hour  after  death.  The  lungs  are  left  with  blood  in  the  respiratory  circuit, 
both  sides  of  the  heart  are  charged  with  blood,  and  the  blood  itself  remains 
unaltered  in  physical  property.  Compared  with  other  anaesthetics,  the  bichlo- 
ride of  methylene  appears  to  me  to  combine  the  anaesthetic  power  of  chloro- 
form with  the  safer  properties  of  ether.  It  is  too  early  to  speak  positively  on 
this  point,  but  if  the  expectation  bo  fulfllled,  the  perfection  of  a  general 
anaesthetic  will  have  been  obtained  for  the  benefit  of  the  world.  And,  even 
should  this  happy  result  not  be  accomplished,  the  way  at  least  is  paved  to- 
wards the  discovery  of  some  intermediate  body  which  shall  answer  to  the  re- 
quired physical  demand. 

In  reviewing  all  the  facts  connected  with  the  physiological  action  of  tho 
methyl  series,  we  gather  that,  according  to  their  composition,  they  exert  cer- 
tain definite  influences  on  different  parts  of  the  nervous  organism.  The  oxide 
produces  an  influence  of  its  own,  that  of  slowly  paralyzing  the  motor  func- 
tion before  destroying  common  sensibility.  The  nitrite  and  nitrate  rapidly 
paralyze  the  centres  of  motion ;  while  the  chloride,  the  iodide,  and  the  bromide, 
together  with  the  substitution  chlorine  compounds,  not  only  paralyze  motion 
but  also  destroy  sensation.  I  conclude  this  Eeport  with  one  other  observa- 
tion. At  first  sight  it  may  seem  that  the  isolation  of  the  phenomena  pro- 
duced by  special  agents,  and  the  discovery  of  a  new  anaesthetic  are  suflicient 
characteristics  of  this  research.  With  every  respect,  I  submit  that  a  broader 
question  is  involved.  At  the  Meeting  at  Birmingham  I  suggested,  almost 
with  a  feeling  of  fear,  that  out  of  these  studies  might  spring  up  a  fixed  pn^" 
ciplo  of  therapeutical  discovery.    Now  I  have  tiie  conscious  happiness  of 
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knowing  that  the  hypothesis  was  correct.  I  feel  convinced,  on  this  longer 
expoience,  that  by  continued  labour  we  shall  be  able  to  pronounce  the  pre- 
cise physiological  meaning  and  value  of  all  the  organic  compounds,  to  extend 
tJ»  knowledge  of  the  curative  action  of  these  compounds  to  every  condition 
(^  disease  that  is  physically  remediable,  and  to  bring  therapeutics  into  the 
position  of  a  positive  science. 

POSTSCHIPT. 

While  these  Transactions  have  been  in  preparation  the  opportunity  has 
\xea  afforded  me  of  testing  the  action  of  bichloride  of  methylene  as  a  general 
acDKthetic  on  the  human  subject,  and  with  the  happiest  results.  On  October 
15&  of  last  year  (1867),  having  first  inhaled  the  vapour  myself  to  complete 
isssthesia,  I  afterwards  administered  it  to  a  lady  while  Mr.  Spencer  Wells 
performed  one  of  tlie  formidable  operations  in  surgery.  Not  one  unfavour- 
ible  symptom  resulted,  and  since  then  the  bichloride  of  methylene  has  been 
ia  frequent  nso  in  surgery.  Up  to  the  present  time  (January  20,  1868)  no 
untoward  event  lias  followed  its  administration. — B.  W.  11. 


Preliminary  Report  of  the  Committee  for  the  Exploitation  of  the 
Plant  Beds  of  Noi'th  Greenland^  appointed  at  the  Nottingham 
Meeting,  1866- 

M&.  Whympeb,  one  of  the  Members  of  the  Committee,  having  made  arrange- 
ments for  visiting  Greenland,  a  meeting  of  the  Committee  was  held  on  the 
4th  of  April,  in  !London,  and  it  was  there  resolved  that  the  sum  of  ^100 
voted  by  the  British  Association  for  the  purposes  of  this  exploration  be 
banded  to  Mr.  Whymper,  on  his  giving  a  written  undertaking  to  fulfil  the 
conditions  laid  down  by  the  Association,  as  far  as  lay  in  his  power. 

In  addition  to  this  grant,  Mr.  Whymper  was  further  assisted  by  a  grant  of 
£W0  from  tlie  Government  Grant  Committee  of  the  Royal  Society. 

Mr.  Whymper  started  from  Copenhagen  about  tlie  llOth  of  April,  taking 
vith  him  as  assistant  Dr.  Robert  Brown,  a  gentleman  already  well  known 
for  his  explorations  in  North-west  America,  especially  as  to  the  Natural 
History  of  British  Colimibia. 

Since  the  expedition  left  Copenhagen,  no  intelligence  from  it  has  been 
received  by  this  Committee. 

The  description  of  the  plant  remains  from  North  Greenland  which  have 
been  already  brought  to  these  countries  has  been  completed  by  Prof.  Oswald 
Heer  of  Zurich,  and  his  work  on  the  '  Fossil  Flora  of  the  Polar  Regions '  is 
now  nearly  printed^  and  will  be  published  in  a  short  time. 

RoBEBT  H.  Scott,  Sec. 
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Report  of  a  Committee,  consisting  of  Mr.  J.  Scott  Russell,  Mr.  T. 
Hawksley,  Mr.  J.  R.  Napier,  Mr.  William  Fairbairn,  and  Pro- 
fessor W.  J.  M.  Rankine,  appointed  to  analyze  and  condense  the 
information  contained  in  the  Reports  of  the  "  Steamship  Perform- 
ance ''  Committee  and  other  sources  of  information  on  the  same  sub- 
ject. 

At  the  Nottinghain  Meetmg  of  the  British  Association  in  1866,  the  follo^ng 
recommendation  was  passed, — "  That  Mr.  J.  Scott  llussell,  Mr.  T.  Hawksley, 
Mr.  James  R.  Napier,  Mr.  William  Fairbaim,  and  Professor  W.  J.  Macquom 
Rankine  be  a  Committee  to  analyze  and  condense  the  information  contained 
in  the  Reports  of  the  Steam-Ship  Performance  Committee,  and  other  sources 
of  information  on  the  same  subject,  with  power  to  employ  paid  calculators  or 
assistants,  if  necessary ;  and  that  the  sum  of  £100  be  placed  at  their  diaposal 
for  that  purpose." 

The  Committee  so  appointed  employed  as  a  calculator  and  assistant 
Mr.  John  Quant,  Naval  Architect,  who  has  discharged  the  duties  entrusted 
to  him  with  great  industry  and  ability. 

The  whole  of  the  sum  of  £100  has  been  expended. 

The  contents  of  the  present  Report  are  arranged  as  follows : — 

Catalogue  of  Tables  as  published  in  the  years  1857, 1858, 1859,  18G0, 
1861, 1862. 

Method  of  condensation. 

Table  I.  Condensed  Table  of  Merchant  Paddle  Steamers. 

Table  II.    Condensed  Table  of  Merchant  Screw  Steamers. 

Tables  III.,  IV.,  V.,  and  VI.  Condensed  Tables  of  Mcn-of-Wai',  forming 
four  groups. 

Catalogue  of  Tables  aspMished  in  the  years  1857-62. 

'^  1857|  Appendix  A. — Tabular  comparison,  the  old,  the  present,  and  propoded 
measurement  for  tonnop^e ;  an  analysis  of  ships  and  stcamerS;  their  proportions,  dis- 
placement, weight,  and  resistance  ]  engines  and  steam-power,  and  result  of  speed 
realized." 

This  Table  is  of  little  or  no  use  for  analyzation,  for  this  reason — that  of 
the  few  steamers  of  which  the  displacement  and  speed  are  given,  no  indi- 
cated horse-power  has  been  returned,  and  vice  versd.  Some  of  tho  vessels 
contained  in  it  are  mentioned  in  the  condensed  Tables ;  but  their  quantities 
are  given  as  taken  from  other  Tables. 

"  Table  A. — Summary  of  retiums,  showing  the  performance  of  the  Chester  and 
Holyhead  Company's  steam-vessels  *  Anglia,'  '  Cambria,*  and  '  Scotia,'  and  tlie 
consumption  of  coal  between  Holyhead  and  Kingstown,  under  certain  conditions 
taken  at  standard  tests." 

"  1858,  Appendix  II. — ^Table  showing  the  difference  which  exists  between  the 
'  register  tonnage  *  of  veasels  and  the  *  tons  weight  *  of  cargo  actually  carried  in  the 
trade  and  navigation  of  the  United  Kinjrdom  with  foreign  countnes  and  British 
possessions  in  l8o2,  18o3,  1854,  and  18o5,  deduced  from  returns  of  the  Board  of 
Trade." 

"  1869,  Appendix  V.,  Table  I. — Return  of  the  performance  of  the  Chester  and 
Holyhead  Companv's  steam- vessels,  under  trial  for  a  standard  test." 

*'  Appendix  \ .,  liable  U. — Copy  of  a  return  laid  before  i^  Select  Committee  of 
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thd  House  of  Commona.    See  Blue  Book  on  Dublin  and  Holyhead  Mail  Service, 

1853,  Appendix,  p.  176.    A  return  of  the  sj^eed  and  consumption  of  fuel  of  the 

steamboats  under  regulated  conditions  of  tune,  pressure,  and  expansion,  for  the 
undermentioned  periods." 

^'Appendix  V.,  Table  in.^]lhe8t6r  and  Holyhead  Railway,  Steamboat  Depart- 
ment,  1B57.  A  return  of  the  speed  and  consumption  of  coal,  under  related  con- 
didoDs  of  time,  pressure,  and  expansion,  for  the  undermentioned  period  (namely, 
th?ee  months,  from  Janua^  1  to  March  81, 1857)." 

"Appendix  V.,  Table  iVi^Uhester  and  Holyhead  Railway,  Steamboat  Depart- 
ment A  return  of  the  speed  and  consumption  of  coal  of  the  steamboats,  under 
Rgnlsted  conditions  of  tmie,  pressure,  and  expansion,  for  the  undermentioned 
p^iod  (namely,  from  April  1  to  June  80, 1857).*^ 

''Appendix  V.,  Table  V. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
m^t  A  return  of  the  speed  and  consumption  of  coal  of  the  steamboats,  under 
legolftted  conditions  of  time,  pressure,  and  expansion,  for  the  undermentioned 
poiod  (namely,  from  July  1  to  September  80, 1857)/' 

**  Appendix  V.,  Table  Vl. — A  return  of  the  speed  and  consumption  of  coal  of 
the  steamboats,  under  regulated  conditions  of  time,  pressure,  ana  expansion,  for 
the  undermentioned  period  (namely,  from  October  1  to  December  31, 1867)." 

"  Appendix  V.,  Table  VII. — ^Chester  and  Holyhead  Railway,  Steamboat  Depart- 
n*nt  A  return  of  the  speed  and  consumption  of  coal  of  the  steamboats,  under 
regulated  conditions  of  time,  pressure,  and  expansion,  for  the  undermentioned  period 
(namely,  from  January  1  to  March  31,  1858)." 

^Appendix  V.,  Table  VIH. — Chester  and  Holyhead  Railway,  Steamboat  De- 
partment A  return  of  the  speed  and  consumption  of  coal  of  the  express  and  car<ro 
boats,  under  regulated  conditions  of  time,  pressure,  and  expansion,  for  the  under- 
mentioned period  (namely,  from  April  1  to  June  80, 1858). 

'^  Appenoix  V.,  Table  DL — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment A  return  of  the  speed  and  consumption  of  coal  of  the  express  and  cai;^ 
boats,  under  r^fulated  conditions  of  time,  pressure,  and  expansion,  for  the  under- 
mentioned period  (namely,  from  July  1  to  September  80^  1858)." 

^'  Appendix  V.,  Table  X. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment A  return  of  the  speed  and  consumption  of  coal  of  the  express  and  cargo 
boats,  under  regulated  conditions  of  time,  pressm-o,  and  expansion,  for  the  under- 
mentioned period  gamely,  from  October  1  to  December  81, 1858)." 

"  Appenoix  V.,  Table  Al. — Cheater  and  Holyhead  Railway,  Steamboat  Depart- 
ment   Conauniption  of  coal  for  the  six  months  ending  June  80, 1858." 

''  Appendix  \.,  Table  XII. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment   Consumption  of  coal  for  the  six  months  ending  June  80, 1858." 

**  Appendix  V .,  Table  XIH. — ^A  return  showing  the  number  of  years  run  before 
the  'Anglia,'  '  Cambria,*  'Scotia,*  and  *  Hibemia*  had  new  boilers ;  number  of  miles 
nin,  and  consumption  of  coal  per  mile,  with  and  without  raising  steam,  banking  fires, 
Irin^  at  Kingstown  and  Ilolyhead ;  steam-pressure  in  boilers.** 

"  Appendix  V.,  Table  XlV. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment.   A  return  of  passages  made  by  the  steamlboats  in  8  J  hours,**  &c. 

"  Appendix  V.,  Table  XV. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
TTit^nt  Mileage  run,  and  expenses  per  mile,  of  the  passenger  boats  in  the  years  1840 
and  1866, 1857,  ia58." 

*  Appendix  VH.,  Table  I. — ^Result  of  experiments  with  the  yacht  'Undine,* 
July  6, 1858,  on  the  measured  mile  at  Greenhithe.'* 

**  Appendix  VH.,  Table  H. — Result  of  experiments  with  the  yacht  '  Undine,' 
July  *>  and  30, 1868.** 

"  Appendix  VH.,  Table  III— Result  of  experiments  with  the  yacht '  Undine  * 
October  26,  27,  and  28, 1858.'* 

"  Appendix  VU.,  Table  IV.— Experiments  with  the  yacht '  Erminia.'  12th  Oc- 
tober 1858,  in  Stokes  Bay.'* 

This  Table  does  not  give  indicated  horse -power  nor  displacement. 

"  IPOO.  AppendLx  I.,  Table  I.— Table  showing  the  results  of  performances  at  sea 
and  on  the  measured  mile,  of  seventeen  vessels  of  the  Royal  Navy,  of  twenty-two 


60  REPORT — 1867, 

TCBsels  in  the  Merchant  Service,  and  of  two  yeracls  of  the  United  States  Navy ; 
together  with  the  particulars  of  their  machinery." 

This  Table  contains  data  of  the  Chester  and  Holyhoad  Eailway  boats,  as 
mentioned  in  former  Eeports;  the  quantities  given  in  it  have  therefore 
been  selected  for  the  present  Eeport.  But  in  taking  the  dimensions  of  the 
ships,  former  printed  Tables  have  been  compared  with  this  in  order  to  ensure 
accuracy. 

''  Appendix  L,  Table  II. — ^Results  of  performances  of  the  steamships  in  the 
service  of  the  '  Messageries  Imp^riales '  of  France  during  the  year  1858. ' 

No  dimensions  of  these  ships  have  been  given ;  they  have  therefore  been 
leil  out  of  the  present  Eeport. 

"  Appendix  IT.,  Table  I. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment. A  return  of  the  speed  and  consumption  of  coal  of  the  express  and  cargo 
boats,  under  regulated  conditions  of  time,  pressure,  and  expansion,  for  the  under- 
mentioned period  (namely,  from  January  1  to  December  31,  1859)." 

"  Appendix  II.,  Table  11. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment. Chester  and  Holyhead  steamboat's  consumption  of  coal  for  the  six  mouths 
ending  30th  June  1859.'*^ 

Appendix  H.,  Table  HI. — Chester  and  Holyhead  Railway,  Steamboat  Depart- 
ment. Chester  and  Holvhead  steamboats'  consumption  of  coal  for  the  six  months 
ending  31st  December  1^9." 

These  three  Tables  show  the  performance  of  eight  ships,  the '  Anglia,*  *  Cam- 
bria,' *  Scotia,'  '  Telegraph,'  *  Hibemia,'  *  Hercides,'  <  Ocean,'  *  Sea  I^ymph.' 

"Appendix  IV. — Table  showing  the  ratios  between  the  indicated  horse-power 
and  the  grate,  the  tube,  the  other  heating  and  total  heating-surfaces,  and  tne  in- 
dicated horse-power ;  also  between  the  grate-  and  heating-suifaces  and  between 
the  indicated  norse-power  and  the  coal  consumed.'' 

This  Table  contains  two  ships  of  the  United  States  Navy,  the  same  as  have 
been  mentioned  in  Appendix  I.,  Table  I.:  nineteen  vessels  of  the  Royal  Navy, 
whose  quantities  also  are  mentioned  in  other  Tables :  and  nineteen  vessels  of 
the  Merchant  Service,  amongst  which  are  the  ^  Anglia,'  *  Cambria/  <  Scotia,' 
and  *  Telegraph.* 

"  Appendix  V. — Description  of  the  hull,  engines,  and  boilers  of  the  United 
States  sloop  'Wyoming.'  Table  I.  Performance  of  United  States  steam-sloop 
*  Wyoming '  under  steam  alone.  Table  XL  Peiformance  of  United  States  steam- 
sloop  *  Wyoming '  under  steam  and  sail." 

"Supplementary  Appendix. — Table  showing  the  trial  performance  of  the  steam- 
vessels  'Lima'  and  'Bogota '  when  fitted  with  single-cylinder  engines,  and  after 
being  refitted  with  double-cylinder  engines.  Also  the  sea  performances  of  the 
same  vessels  imder  both  these  conditions  of  machinery,  and  on  the  same  service." 

This  Table  has  also  been  embodied  in  Table  II.  of  printed  Report,  1861. 

"  1861.  Table  I. — ^Return  of  performance  of  Her  Majesty's  vessels,  furnished 
by  the  Admiralty." 

"  Table  H. — Showing  the  residts  of  the  performance  of  six  of  Her  Majesty's 
vessels  under  various  circumstances." 

"Table  HI. — ^Performance  of  Her  Majesty's  Ship  '  Victor  Emmanuel '  at  sea." 

'*  Table  IV. — Return  of  seven  trials  on  the  measured  mile  in  Stokes  Bay  of  Her 
Majesty's  Ship  'Victor  Emmanuel.' " 

"  Table  V. — ^Retum  showing  the  results  of  performance  of  eighteen  vessels  in  the 
Merchant  Service  under  various  conditions." 

"  Table  VI. — Chester  and  Holyhead  Railway,  Steamboat  Department.  A  return 
of  the  speed  and  consumption  of  coal  of  the  express  and  cargo  boats,  under  re- 
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(rokted  oonditioiis  of  time,  pressure,  and  expansion,  for  the  undermentioned  period 
(QtmelT,  from  Hie  Ist  January  to  dlst  Marcn  I860).'' 

'^TaUeVIL— Chester  and  Holyhead  Railway,  Steamboats.  Consumption  of 
coal  for  tiie  twelve  months  ending  December  31,  I860." 

*^  Table  VIIL— City  of  Dublin  steam  Packet  Company.  A  return  of  the  average 
tiffle  of  paasi^  and  consumption  of  coal  of  the  mail  steamers  for  six  months,  end- 
ing June  30, 1860." 

'^  Table  IX. — City  of  Dublin  Steam  Packet  Company.  A  return  of  the  average 
time  of  passage  and  consumption  of  coal  of  the  mail  steamers  for  three  monthn, 
ading  September  30,  1860." 

^  Table  jL — ^Resultats  de  la  navisation  des  jpaquebots  des  services  maritimcs 
d^B  Measageries  Lnp^riales  pendant  rann^  1859." 

yo  dimensions  of  those  ships  have  been  given ;  and  they  have  thereforo 
been  left  out  of  the  present  Eeport. 

''Table  XI. — ^Resultats  de  la  navigation  des  paquebots  des  services  maritimes  des 
ifeaaageries  Imp^ales  pendant  Tannde  1860." 

Of  those  ships  also  no  dimensions  have  been  given ;  and  they  have  there- 
fofe  been  left  out  of  the  present  Eeport. 

'^  Appendix,  Table  XII. — Return  of  the  average  passages  of  mail  packets,  and 
coDsumption  of  coal  for  six  months,  ending  31st  March  1861." 

**  Appendix,  Table  XIIL — Steamship  'Leinster,'  on  trial  from  Holyhead  to  Kinjre- 
town,  April  4, 1861." 

**  Appendix,  TaVe  XIV. — Steamship  ^  Ulster/  on  trial  from  Kingstown  to  Holv- 
kead,  April  6. 1861."  ^ 

"  1862.  Table  U. — ^Return  of  the  particulars  of  the  dimensions  of  twenty  vessels 
in  Her  Majesty's  Navy,  with  the  results  of  their  trials  upon  completion  for  service." 

'^  Table  III. — Results  of  the  performances  at  sea,  and  when  on  trial,  of  Her 
Majes^a  ships  '  Colossus,' '  St  Qeorge,'  and '  Arrogant.'  " 

Of  these  steamers  also  no  displacement  or  indicated  horse-power  has  been 
recorded. 

"  Table  IV.— Results  of  the  trials  of  Her  Majesty's  Screw  Ships,  officially  tabu- 
lated  by  the  Admiralty  in  1860." 

«  Table  V.— Results  of  the  trials  of  Her  Majesty's  Screw  Ships,  officially  tabulated 
by  the  Admiralty  in  1856." 

"Table  VI.— Results  of  the  trials  of  Her  Majesty's  Screw  Ships,  officially  tabu- 
lated bv  the  Admiralty  in  1861  (beiuff  a  continuation  of  Tables  IV.  and  V.). 
Steam  transport  Service,  Tables  VIL,  ^^II.,  IX.,  X,  XL,  XH.,  XIIL,  XIV.,  XV., 
and  XVL  (the  last  five  Tables  being  summaries  of  the  Tables  VII.  to  XL)." 

These  Tables  give  the  results  obtained  from  vessels  employed  in  trans- 
port service  during  the  latter  part  of  the  Crimean  war,  showing  the  respective 
Talues  of  the  several  steamships,  classi&ed  according  to  the  nature  of  the 
employment,  or  the  special  character  of  the  duties  required  to  be  performed  ; 
and  giving,  in  addition,  the  cost  of  moving  each  ship  1000  miles,  &c. 

*' Table  XVH.  (continued).— Royal  (West  India)  Mail  Packet  Company.  St. 
Thomas  to  Southampton,  distance  3622  miles." 

"Table  XVIL — Royal  (West  India)  Mail  Packet  Company.  Southampton  to 
St.  Thomas,  distance  3622  miles." 

In  these  Tables,  namely.  Table  XVII.  and  Table  XVII.  (continued),  no 
draught  of  water  is  stated.  They  give  the  speed  of  the  ship  and  consumption 
of  coals,  under  various  conditions  of  the  state  of  the  hull,  of  five  steamers, 
viz.,  the  *  Seine,'  *Tasmanian,'  *  Atrato,'  *  Shannon,*  and  *  La  Plata.' 

"  Table  XVHI.— Royal  (West  India)  Mail  Packet  Company.  Summary  made 
from  the  Tables  of  dia^ms  from  indicator  and  working  of  the  engines  belonging  to 
the  various  ships  included  in  the  return  furnished  of  the  performances  from  South- 
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ampton  to  St  ThonuM,  between  June  3, 1861^  and  June  17, 1862,  as  gtven  in  tho 
preceding  Tables. 

"Table  XVIII  a. — ^Table  of  diagrams  from  indicator  and  working  of  engines, 
showing  the  manner  in  which  tho  summaries  in  the  above  Table  are  obtained!'' 

In  both  these  Tables  dimensions  are  wanting. 

"  Table  XIX. — Return  of  particulars  of  the  dimensions  of  the  Peninsular  and 
Oriental  Steam  Navigation  Company *8  Steamship  'Moultan/  with  tabulated 
statement  showing  the  results  of  her  performance  as  compared  with  six  other 
vessels  in  the  same  service.'' 

''  Table  XX. — Table  of  results  of  the  performances  of  sixty-eight  vessels  of  the 
Imperial  and  Royal  Austrian  Lloyd's  Steamship  Company." 

No  dimensions  of  ships  nor  indicated  horse-power  are  given  in  thia  Table. 

"  Table  XXL — ^Table  of  experiments  with  Her  Majesty's  Gunboat '  Stork.'  " 

No  displacement  given. 

«  Table  XXIL— Eight  logs  of  voyages  of  the  'Great  Eastern.' " 

Of  the  eight  logs  only  three  are  returned  with  the  indicated  horse-power ; 
and  those  are  used  in  the  condensed  Tables. 

"  Table  XXIII. — Dimensions  and  abstract  of  performances  of  the  Pacific  St^nm 
Navigation  Company's  new  paddle-wheel  steamships  *  Peru '  and  '  Talca.* " 

No  dimensions  of  wheels  are  returned. 

'*  Table  XXIV. — Abstract  log  of,  and  notes  upon,  the  performances  of  the  African 
Royal  Mail  Company's  steamship  '  McGregor  Laird.' " 

"  Table  XXV. — ^Notes  on  the  performance  of  the  North  German  Lloyd's  Com- 
pany's steamship  *  Hansa.' " 

«  Table  XXVl.— Log  of  the  Earl  of  Durham's  sailing  yacht '  Beatrix  *  on  her 
recent  Mediterranean  voyage." 

The  Tables  published  in  the  Report  of  the  British  Association  for  1863, 
and  various  data  as  to  the  performance  of  steam-vessels  which  have  been 
obtained  from  other  sources,  still  remain  to  be  condensed,  in  tho  event  of  the 
reappointment  of  this  Committee. 

Method  of  Condensation, 

The  following  method  of  condensation  was  drawn  up  by  tho  Committee  in 
order  that  it  might  be  followed  as  far  as  practicable.  In  some  cases  tho 
nature  of  the  data  rendered  deviations  from  the  method  in  matters  of  detail 
unavoidable ;  but  its  principles  have  been  adhered  to  throughout. 

1.  All  results  belonging  to  any  special  theory,  and  all  quantities  calculated 
approximately  by  inference,  or  ascertained  otherwise  than  by  direct  mea- 
surement, to  be  excluded  from  tho  condensed  Tables. 

2.  Vessels  for  which  any  of  the  essential  data  (marked  E  in  tho  annexed 
list)  are  wanting  to  be  exduded. 

3.  The  remaining  vessels  to  be  divided  into  groups,  according  to  their 
speed  on  trial ;  for  example,- 


Group  1, 

below             7  knots. 

,,     2, 

from    7  to    9     „ 

99         3, 

„       9  „  11     „ 

.     4, 

„     11  „  13    „ 

99          S, 

„    13  „  15    „ 

99          6, 

„    15  „  17    „ 

99 


7,    above  17  knots. 
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4.  GroopB  that  are  very  numerous  to  be  divided  into  subgroups,  according 
to  displaoement,  viz. : — 

Subgroup  A,  below    125  tons 

„  B,    from     125  to    250  tons 

„  C,      „        250  „    500  „ 

„  D,      „        500  „  1000  „ 

„  E,      „      1000  „  2000  „ 

„  F,      „      2000  „  4000  „ 

„  G,      „      4000  „  8000  „ 

„  H,     „      8000  ,,16000  „ 

„  I,  aboYO  16000. 

5.  Eesults  of  trials  at  low  speeds,  or  '*  half-boiler  power,"  to  be  placed  in 
the  group  proper  to  the  speed. 

6.  In  the  following  plan  for  the  arrangement  of  a  Table,  each  vessel  of  a 
group  or  subgroup  occupies  a  column,  and  the  several  data  for  each  vessel 
appear  in  a  series  of  lines.  The  data  consist  of  twelve  essential  items 
marked  £  (without  which  no  vessel  should  be  admitted)  and  twenty  others, 
making  thirty-two  in  all ;  so  that  octavo  pages  will  hold  the  Tables. 

7.  Where  trials  of  performance  under  sail  have  been  recorded,  supple- 
mentary Tables  may  be  added. 

Arrangement  of  TaUefar  a  given  group  or  subgroup. 

Group  No ,  speed  between  ....  and  ....  knots. 

Subgroup  No ,  displacement  between  ....  and  ....  tons. 

1.  £.  Name  of  vessel  (or  reference  number)       I        I       I      * 

Ybssbl. 

2.  E.  Length  on  loadwater-Iine,  in  feet. 

3.  „      of  fore-body  (marked  F.  in  tables). 

4.  „       middle-body  (narked  M.  in  tables). 

5.  „       after-body  (marked  A.  in  tables). 

6.  E.  Breadth,  extreme  immersed,  in  feet. 

7.  E.  Depth  of  immersio  i,  mean,  in  fee-. 

8.  Immersed  midship  section  in  square  feet. 

9.  E.  Displacement,  tons  of  35  cubic  feet. 

10.  Mean  immersed  girth,  feet  (from  actual  measurement,  and  not  other- 

wise). 

11.  Material  and  state  of  skin. 

12.  CoeflScient  of  fineness  of  waterlines= displacement  -f  (L  x  0). 

Pbopelleb. 

13.  E.  Description  (paddle,  common  or  feathering :  screw.  Smith's,  Wood- 
croft's,  Mangin's,  Griffith's,  <fcc. :  jet  propeller). 

14.  E.  Diameter   (for  common  paddles,  to  outer  edge;  for  feathering 
paddles,  to  journals  ;  for  screw,  to  tips  of  blades),  in  feet. 

15.  Number  of  blades  or  paddles. 

16.  E.  Pitch  of  screw  (if  not  uniform,  state  extreme  and  mean  pitches), 
infect. 

17.  Aggregate  mean  length  of  screw-blades  (along  axis). 

18.  Immersion  (of  upper  and  lower  edges  of  paddle  or  screw),  in  feet. 
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19.  Area  (pair  of  paddles ;  screw  disc,  deducting  boss ;  pair  of  jet-nozzles), 
in  square  feet. 

20.  E.  Speed  of  vessel  in  nautical  miles*  per  hour. 

Engines. 

21.  Description  (single,  double,  treble;  single-cylindered,  double- cylin- 
dered;  condensing,  non-condensing,  geared,  not  geared,  t&c). 

22.  Final  volume  of  steam  per  revolution  of  propeller,  in  cubic  feet. 
28.  Steam  cut  off  at  (decimals  of  final  volume). 

24.  E.  Eevolutions  of  propeller  per  minute  (paddle  or  screw). 

25.  Effective  pressure  of  steam,  lbs.  per  inch. 

26.  E.  Indicated  horse-power. 

BoiLSBS. 

27.  Total  capacity,  in  cubic  feet. 

28.  Heating  surface,  in  square  feet. 

29.  Firegrate  area,  in  square  feet  (including  dead-plate  and  bars). 

30.  Pressure  during  trial  (lbs.  on  ^e  square  inch). 

31.  E.  Fuel  consumed;  description  and  weight,  in  lbs.  per  hour. 

32.  Eemarks  and  cross  references. 

» 

In  drawing  up  the  preceding  form  of  arrangement,  the  Committee  have  had 
in  view  not  only  the  guidance  of  themselves  and  their  calculators,  but  the  in- 
formation of  those  who  may  hereafter  furnish  the  British  Association  'with 
data  as  to  the  performance  of  steamships. 

Paddle  steamers,  screw  steamers,  and  men-of-war  have  been  separately 
condensed  and  grouped.  • 

In  condensing  the  Tables  of  the  ships  of  war,  there  are  vessels  of  which 
many  trials  were  reported.  The  mean  of  the  majority  of  trials  with  the  same 
draught  and  the  same  propeller  have  been  given  in  this  Report. 

The  diameter  of  the  paddle-wheel,  as  given  in  the  condensed  Tables,  is  the 
diameter  as  returned  in  the  printed  Reports,  and  must  not  be  confounded 
with  the  effective  diameter  of  the  wheel.  In  only  a  few  cases  the  effective 
diameter  has  been  returned,  and  even  upon  these  quantities  very  smalL  de- 
pendence can  be  placed.  For  example,  in  Table  Y.,  Report  1861,  the  diameter 
of  paddle-wheel  of  the  '  Delta '  is  26  feet,  and  the  effective  diameter  is  given 
as  22  feet ;  the  *  lima '  has  the  same  diameter  of  wheel,  but  the  effective 
diameter  is  given  as  25*16  feet.  Both  are  feathering  wheels,  and  there  is 
only  a  difference  of  1*5  feet  in  the  width  of  the  float,  the  *  Delta  having 
a  float  4-5  feet  broad,  and  the  ^  Lima '  a  float  of  3  feet  broad. 

*  The  length  of  the  nautical  mile  is  variously  estimated.  By  the  British  Admiralty',  it 
is  defined  to  be  one  minute  of  the  equator,  which,  according  to  the  latest  determinations, 
is  6086  feet.  Another  estimate  is  the  mean  length  of  a  minute  of  latitude,  or  6076  feet. 
Most  of  the  speeds  in  the  Tables  are  given  in  Admiralty  knots. 
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Table  I.— MERCHANT  PADDLE-STEAMERS. 


of  a  Speed 


'H^nops  of  DispUcement. 


ofTeKel. 


Jies^  OQ  load-water-line,  in  feet 


BLiBadtfa,  in  feet 

>£.  Andnftof  WBler,  in  feet 

Xn-v  of  immersed  midship  section,  sq.  ft. 
IHs^tJaeemmt,  in  tons  of  oo  cubic  feet   . . . 

M^-ji  immmed  girth,  in  feet 

^Ijtt^^  and  state  of  skin    


Eboixm. 

Dwrri'tioa    

3r^3tber  of  ejlinders    

PiazQ«ter  of  cjlinders,  in  inches 

Lnofih  of  stroke,  in  feet 

Vuzaber  of  revolutions,  per  minute    

^oaiinal  horsc^-power  

Isdieated  horse^power 

PSOPBT^BR. 

l>e<oiptkxi    

IXsBMt^,  in  fisel 

r^r^th  of  paddle,  in  feet 

Bhadth  of  paddle,  in  feet  

S'umber  of  paddles  

he^h  of  immerrion  of  lower  edge,  in  feet 
§)ad  of  Tsssely  in  nautical  miles  per  hour 

BOILBBS. 


Pn*«are  of  steftm  in  boiler,  lbs.on  thesq.in. 

'^fmrn-TOOOL,  in  cubic  feet 

bVater-room  in  cubic  feet    

SjSiJber  of  furnaces 

Sumbar  of  boilers 

Oste  aoHaoe,  in  square  feet    

Ictal  beating  surface    

CVjnsiimption  of  co&lsy  in  lbs.  per  hour  . . . 

Wbights. 

Total  of  engines,  in  tons 

fjM*  wheel    

B^xlers  without  water  

Wat«r  in  boilers   


3. 

From  9  to  1 1 
knots. 


P. 
Between  2000 
and  4000  tons. 


La  Plata. 


284 

40-5 
1909 

3809 


Side  lerer. 

2 

103 

9 
12-31 

876 


Radial,  fijted. 
36 

IDS 

316 
28 


1079 

Tubular. 
14*82 
4240 

24 

4 
616 

16947 

8149 

49S-S 

37*5 
219 

131 


4. 

Between  11  and  13  knots. 


D. 

Between  500  and  1000  tons. 


Anglia. 


187-83 

26*16 

9 
186*25 

620 


Admiral. 


Befcrenoe to  Reports    i860. 

Infurmation  supplied  bj Royal  Mail  Co. 

I    log- 
RetDsrka Moderate    wind 


Doub.  cyl. 

4 

4S-5 
4*5 

330*52 
81607 

Modif  Morgan's. 
24*5 

95 
367 

12 
11*96 

Tubular. 

»4 

300 


F=84 

M  =  54 

A=7a  J 


Cambria. 


210 


and  tide. 


12 

2 
160 
450844 
5580 


22 
40-97 

35 

i860. 
Admiral 
Moorsom. 
Fair  wind;  fair 
tide ;      mo- 
derate sea. 


3a 

7-5 
214 

820 

31*43 
Iron  painted ; 

clean. 
Double  cylinder. 

/  76-5  1 
1 48-5 .[ 
4»5 
14 


'9775 

26*16 

887 
201*1 
840 


744 


Feathering. 
zo'05  to  journals. 

7 

3 
II 


12 


as 


Side  lerer. 

2 

73'5 

5 

13 
39210 

99535 


Modi£.Mor|{aa'B. 
28 

7 

4 
16 

583 
12*2 


Tubular. 


100 
2206 


12 


210,  with  boilers. 


i860. 
Prof.  Rankine  & 
J.  R.  Napier. 


4 
165 

6134 

5760 


117 
235 
66 
60 

1860&  1861. 


Wind  light. 


U6^7. 
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Tabi 


Groups  of  a  Speed    

Subgroups  of  Displacement 

Name  of  Vessel 

Length  on  load-water-line,  in  feet 

Breadth,  infeet     

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  fL 
Displacement,  in  tons  of  o5  cubic  feet  . . . 

Mean  immersed  girth,  in  feet 

Material  and  state  of  skin    .., 

Engines. 

Description    

Number  of  cylinders    

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  infeet  

Number  of  reyolutions,  per  minute    

Nominal  horse-power  

Indicated  horse-power ., 

Pkopellxb. 

Description    

Diameter,  in  feet  

Length  of  paddle,  in  feet 

Breadth  of  paddle,  in  feet 

Number  of  paddles  

Depth  of  immersion  of  lower  edge,  in  feet 
Speed  of  yessel,  in  nautical  miles  per  hour 

Boilers. 
Description    

Pressure  of  steam  in  boiler,  lbs.  on  thesq.in. 

Steam-room,  in  cubic  feet    

Water-room,  in  cubic  feet   

Number  of  furnaces 

Number  of  boilers    

Grate  surface,  in  square  feet    

Totalheating  surface    

Consumption  of  ooals,  in  lbs.  per  hour  . . . 

Wefohts. 

Total  of  engines,  in  tons 

Each  wheel    

Boilers  without  water  

Water  in  boilers   

Beferenoe  to  Reports    ,....,.,,. ^.....■ 

Information  supplied  by 

Eemarks    


Between  i 


D. 

Between  500 
and  1000  tons. 

Between  loc 

Cambria 
(lengthened). 

Callao. 

Valparaiso. 

Lim 

237 

232 

232 

251 

2616 

29 

29 

30 

9-31 

11*12 

11*67 

II 

200-03 

280 

308 

30a 

980 

1150 

1220 

1345 

Side  lever. 

Double  cylinder. 

Doub.  cyL 

Doub. 

2 

4 

4 

4 

73*5 

r  2  of  90 1 

\20f52j 

r  2  of  90 1 

i2of52 ; 

fiofi 
\  J  ofi 

S 

5 

5 

5 

20'25 

24 

a4 

H 

392*10 

320 

320 

320 

837-34 

1050 

800 

1160 

Common. 

Feathering. 

Feathering. 

Feathet 

»5 

26 

26 

26 

8 

8-5 

8-33 

8* 

216 

308 

3*i6 

3 

3» 

12 

10 

12 

3*33 

4 

35 

4 

12*23 

12*9 

11*53 

12 

Tubular. 

Tubular. 

Flue. 

Tubul 
superhei 

H 

26 

22 

26 

1600 

390 

720 

6 

i6co 

2000 

20C0 

12 

6 

6 

4 

2 

2 

2 

450 

140 

130 

136 

6893 

3340 

2530 

3336 

5241 

2240 

2464 

3024 

117 

220 

200 

220 

11*95 

26 

as 

to 

83 

60 

34 

60 

63 

40 

36 

40 

i860  4  1861. 

i860  &  1861. 

i860. 

i86o<fci 

Randolph,  Elder 

Randolph, 

Randol 

&Co. 

Elder  &  Co. 

Elder* 

Moderate  breese; 

light  headwind; 

Light  wind; 

>«•■«■** 

variable  tide; 

variable  tide; 

alternate 

comparatively 

light  head  sea. 

tide;  no  sea. 

smooth  sea. 
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if»iaud.) 


mioi 


Lisa 


551 


Uelro. 
1 

6 
225 

400 

1390 

26 
«5 

24 


Bogota. 


250 


TP 

30 

1215 

ii'9i 

SI 

302 

■••»»• 

1410 

16-5 

1450 

2;U 
12 

4 

*"23 

220 
16 

to 


Double  ^linder. 

4 

{a  of  90I 
aof  5a; 

5 

as 
320 

1100 

Foathering. 

I  26 

85 
3-08 
12 

4 
125 

Tubular. 

26 

1600 

2000 

6 

2 

140 

3340 

2240 

220 
26 
60 
40 

i86o&i86f. 


Vind  abeem; 
▼ariable  tide; 
ihortbeam 


Bogota. 


150 
30 


Side  lerer. 

2 

73 
6 


400 
1300 

Ordinaiy. 

27-5 

8-5 
24 


"75 


Tubular. 


1450 

2520 

12 

4 
252 

7652 

6720 

220 
II 
80 
70 

1860&1861. 


5. 

Between  13  and  15  knots. 


B. 

Between  125  and 
250  tons. 


Yulcan. 


163 

4'S 

56 
140 

»475 
Iron  painted,  dean. 


Oscillating. 

2 

36 

3S 
About  50. 


412 


Feathering. 
12*2  to  journals. 

2*25 


H'S 


D. 

Between  500  and 
1000  tons. 


Sootia. 


192-57 

27 

8-83 
18878 
680 


E. 

Between  1000 
and  2000  tons. 


Telegraph. 


243-8 

23-16 
9-67 
2247 

"73 


Double  cjlinder. 

4 

54 

45 
24 

379"9» 
93418 

Modif.  Morgan's. 

10 

367 
12 

6 

i3'6» 

Tubular. 

12 
325 


Professor  Bankine, 
and  Jas.  B.  Napier. 


12 

2 

186 

5390-91 

6240 


»3 

47*17 

39 


i860. 
Admiral  Moorsom. 

Light  wind;    tide 
ipaxtlj  fayourable. 


Side  leyer. 

2 

77-25 

5*5 
as 
448 
1 165*98 

M!odif.Morgan*s. 
26*83 
10 

4 

14 
4-42 

13*23 

Tubular. 

»4 
406 


12 


2 
166-25 
875801 
7800 


as 
70 

65 


i860. 

Admiral  Moor- 
som. 

Light  wind;  tide 
partly  favour- 
able. 


f2 
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Table 


Groups  of  a  Speed 


Subgroup  of  Displacement 


Name  of  Vessel 


Length  on  load-water-line,  in  feet 


Breadth,  in  feet     

Mean  draft  of  water,  in  feet 

Area  of  immersed  midship  section,  sq.  ft. .. 
Displacement,  in  tons  of  35  cubic  feet   — 

Mean  immersed  girth,  in  feet , 

Material  and  state  of  skin   , 


EXGINIS. 

Description    

Number  of  cylinders    

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute 

Nominal  horse-power  

Indicated  horse-power , 


Propeller. 

Description    

Diameter,  in  feet  

Length  of  paddle,  in  feet 

Breadth  of  paddle,  in  feet    

Number  of  paddles  

Depth  of  immersion  of  lower  edge,  in  feet. . 
Speed  of  vessel,  in  nautical  miles  per  hour 

Boilers. 
Description   


E. 

Between  looo 
and  2000  tons. 


Pressure  of  steam  in  boiler,  in  lbs 

Steam-room,  in  cubic  feet    

Water-room,  in  cubic  feet    

Number  of  ^maoes 

Number  of  boilers 

Grate  surface,  in  square  feet    

Total  heating  surface   

Consumption  of  coals,  in  lbs.  per  hour 

Weights. 

Total  of  engines,  in  tons 

Each  wheel    

Boilers  without  water  

Water  in  boilers   


Beferenoe  to  Reports    . . . 
Liformation  supplied  by 


Bemarks 


Mersey. 


»54-4» 

30 
1 0*25 

261 

1300 


Oscillating. 

.    » 
60 

5 
30-25 

150 

1088 

Feathering. 
21-33 

8-5 
3-42 

12 

4 
12*288 

Tubular. 

20 

1125 

1620 

8 

4 
178 

5407 


Delta. 


308 

35*5 

»5 
400 

2300 
397 


Oscillating. 

2 
72 

7 

ass 
400 
1624 

Feathering. 

95 

4*5 
12 

6*25 

1467 

LamVs  flue. 

20 

460 


Be4w(« 


Between 


Atralo. 


33^*5 


40-51 
1635 


3034 


Side  lever 

2 

9 

800 

2396-44 


81 

>3 
75 
45 

i860. 
Royal  Mail  Com 

Wind  No.  4;  ebb 
tide;  smooth  sea. 


4 
4 


95 

1-45 
120 


FeaUieriu 

36-5 1 
iz 

45 
»5 

5-5 

13*77 


a  MultiplTTPfl 
2  8hei-t««tor« 

I     6391 

»4 

4 
510 

16894 


1861. 
ThamesShipBuild- 

ing  Company. 
Wind  light,  S.W. 


800 
38 


1 86c. 
Gaird  &  Co. 

Confused  tide 
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\»ntiMud.) 


■d  15  knots. 


■d4000tOIML 


Siaimoo. 


PAramatta. 


3P>3 

44 
1696 

M 

3840 
547 


ide  fever. 

1 

97 

9 
19075 

:75 

Fathering. 
|i8tojoimab. 
II 

596 

irM 

I    lobular. 

16 

3:70 
5150 

H 

4 
567 
18456 


3a9-4a 

43'7S 
16*71 

60616 

386a 


Double  cjlinder. 

4 
68115 

9 

»7 
764 

*940 

Feathering. 
3»S 

12 

4*5 

15 

667 

13*906 

Tubular. 

17*5 
519a 
6440 

14 

4 

594 

5407 


709 

77*5 
iSz 

150 
tt6o. 


291 

69 

aio 
184 

i860. 


\^spier  and  Royal  Ifail  Com 


I. 

Above  16000  tons. 


Great  Eastern. 


I 


F=33o] 
M=:i2o  y68o 
A=i3oJ 
81*5 


23*62 

1678 

2371 
1685*42 

0250 

20500 

75-3  J 

ron  painted. 

23*60 

1676-35 

20240 
75*3 


io*95 
3600 


Oscillating. 

4 
74 
J4 

10*58 
1000 

34*1 


10-49 
34" 


Badial,  fixed  floate. 

56 

"3 

3 

30 
ti'84 

13*40 


11*75 
14*28 


11*77 
13*13 


Tubular. 
ATBiage. 


40 

4 


12700       I  16150       I  1 1804 

836 
185 


SvQl 


^-— , 


Wind  Yariable; 
tide  and  sea 
moderate. 


1862. 

J.  Soott  Buasell,  and  results 
three  logs. 


6. 

Between  15  and  17  knots. 


O. 

Between  250 
and  500  tons. 


John  Penn. 


17175 

1875 
679 

280 


Oscillating. 

2 

4fi 
416 

40 
150 
798 

Feathering. 

1483 
616 
2*92 

10 

083 

153 

Tubular. 
22 


8 

2 
129 

3575 


} 


a7 
8 

22 


\ 


i860. 
oflJohn  Penn  and 
Son. 
Wind    No.    8; 
flood  tide. 


E. 
Between  1000 
and  20CO  tons. 


Leinster  and 
UUter. 


rF=i7il 
U=i55; 


3*7 


35 

13*37 

330 
1815 

40*24 

Iron  painted. 

OsciUating. 
2 
96 

7 

a3-5 
750 

4160 

Feathering. 

33 
12 

4 

»4 
6*25 

1628 


Tubukr. 


3500 

8 

870 

17670 

22400 


710 

60 

170 

140 

1861. 
James   Watt   and 


Compuij. 
gainst  tide ; 


Against  tide;  calm 
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Tablb  II.— MEKCHA 


Gboups  of  a  Speed 


Subgroups  of  Displaoemeni 


Name  of  YeBsel 


Length  on  load-water-line,  in  feet 


Breadth  (extreme),  in  feet  

Mean  draft  of  water,  in  feet    

Area  of  immersed  midflhip  section,  sq.  ft. 
Displacement,  in  tons  of  35  cubic  feet   . . . 

Mean  immersed  girth,  in  feet 

Material  and  state  of  skin   


EXQIXBS. 

Description    

Number  of  cylinders    .^ 

Diameter  of  cylinderai,  in  inches .... 

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute 

Nominal  horse-power  

Indicated  horse-power 


Pbopellkb. 

Description   

Diameter,  in  feet  

Pitch,  in  feet 

Length  inline  of  shaft 

Number  of  blades 

Boss,  diameter  in  feet  

DepUi  of  immersion  at  bottom   

Speed  of  vessel,  in  nautical  miles  per  hour 
Number  of  revolutions,  per  minute    


Description 


BOILSBS. 


Pressure  of  steam  in  boiler,  in  lbs. 

Steam-room,  in  cubic  feet    

Water-room,  in  cubic  feet   

Number  of  furnaces 

Number  of  boilers 

Gbate  surface,  in  square  feet    

Total  heating  surface,  in  sauare  feet  ... 
Consumption  of  coals,  in  lbs.  per  hoar 

Weights. 

Total  of  en^es,  in  tons 

Total  of  boileriB^  in  tons  ^ 

Total  of  water  in  boilers 

Propeller  


Betwee 


A. 
Under  125  tons. 


Midge. 


5«75 

11*67 

4 
40 

45 


Beference  to  Reports   . . . 
Information  supplied  by 


Remarks 


Inverted. 

I 

16 

'•33 
160 

*5 

100 


4 
467 

9 

»'5 

3 
9-6x116 

5H 
1053 

160 

Cjl  mult  tub. 

60 

70 

140 

I 

I 

19-8 
316*8 
180 


*-5 
5*5 
575 
•a5 

1861. 
T.  W.  Dudgeon. 

GaleN.£.;  heavy 
head- and  beam- 
sea. 


Penelope. 


74'33 

11*75 
4'o8 

3a 

465 


High  pr.  inver. 

2 

11*5 
I 


10 
93 


Between 


Undine. 


as 

1 0*1 6 

154-33 
194 

Iron  painted. 


Inverted  direc 


H 

125 

10174 

50 

157-09 


4*5 
10*5 

•67 

3 

71 
467 

10*85 
146 


Tubular. 

45 

38-05 

86-45 
I 
I 
13*061 
311*301 
336 

»7 
3*9 
»-5 
•15 

1861. 
Morrison  &  Co. 

Moderate  wind ; 
no  sea;  withand 
against  tide. 


7«3 

11*5 

1*33 


115 
950 

9*26 
101*74 

Tubular. 

i5« 
456 

4 
I 

45'>7 
98917 


lo-J 
1775 
6-5 
•85 


,859  A  i860. 
DukeofSutherW 
andJ.ScottBi«« 
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SCBEW-STEA^rERS. 


adrr  knola. 


nd  500  tODfl. 


8 

M7 
3  $9 

In»  painted. 


2 
iS 

50 

too 

Gaming  pitch. 

8 

t6  to  17 


10 
9-6 

«4 


darabw  2,  nprt. 
«ater-tubea. 


4» 

127S 

67a 


1861. 
Pfifcanr     Bankine, 

aBdJaa.IL  Napier. 
V^Mifratfe  sea ;  quar- 

tefebb;  fsfoarMe 


P. 
Between  2000  and  4000  tons. 


Mac^regor 
Laird. 


*45 

30 
I7"i6 

2035 


Inserted  geared. 
2 
62 
3'i6 

34*9 
200 

550 


95 


Tubular. 
ATerage. 


2 

4200 


1862. 

Boral     African 
MaUCo. 


Oandia. 


281 

38-9 

1875 

2520 


Tmink. 

2 
70-75 

4 

450 
His 


»5'5 
20 

3*33 

2 

2'2 

29*26 
36 

LamVs  patent 


16 

4 
286 

7922 


1861. 
G^rge  Bennie  A 
Son. 


4. 

Between  11  and  13  knots. 


Between  250  and  500  tons. 


San  Oarloe. 


192 

30 
11*83 

260 

700 


Double  cylinder. 

4 
53  and  31. 

2*92 

47*5 
120 

500 


io'5 

„  "3'33 
variable. 

2 

»*5 
II 

11*75 
4« 

Spiral  flue. 

50 
750 

800 


76 
2276 
1176 

70 
1*6 

55 

»7 

i860. 

Randolph,  Elder   & 
Co. 


Leonidas. 


203 

29*12 

775 
207 

810 


Vert.  inv.  qyl. 

2 
40 

»-5 

7« 
100 

340 


8*83 
18 
r83 

3 

2 

808 

11*70 

78 
Tubular. 


225 
460 

4 

2 

70 
2274 
1204 

24 

'•35 

»3 
21 

1861. 
Morrison  A  Co. 

Topsail  breeae;  mo-^ 
aerate  swell ;  last  of 
flood,  flrst  of  ebb. 
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Table 


Qroups  of  a  Speed    

Subgroups  of  Displaoemeat 

Name  of  Yeasel 

Length  on  load>water-line,  in  fiset 

Breadth  (extreme),  in  feet   

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  ft. ... 

Displacement,  in  tons  of  35  cubic  feet    

Mean  immersed  girth,  in  feet 

Material  and  state  of  skin    

Engines. 

Description    

Number  of  cylinders 

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet  

Number  of  revolutions,  per  minute    

Nominal  horse-power  

Indicated  horse-power 

Phopblleb. 

Description    

Diameter,  in  feet  

Pitch,  in  feet 

Length  in  line  of  shaft 

Number  of  blades 

Boss,  diameter  in  feet  

Depth  of  immersion  at  bottom    

Speed  of  yessel,  in  nautical  miles  per  hour. . . 
Number  of  rerolutions,  per  minute    

BOILBBS. 

Description    

Pressure  of  steam  in  boiler,  in  lbs 

Steam-room,  in  cubic  feet    

Water-room,  in  cubic  feet   

Number  of  furnaces 

Number  of  boilers 

Grate  surface,  in  square  feet   

Total  heating  surface,  in  square  feet  

Consumption  of  coals,  in  lbs.  per  hour 

Weights. 

Total  of  en^nes,  in  tons 

Totid  of  boilers,  in  tons   

Total  of  water  in  boilers 

Propeller  

Reference  to  Reports    

Information  supplied  by 

Remarks    


Betvreen  150  and  500  tons. 


Ghiayaquil. 


»95 

30 

1171 
260 
840 


Double  cylinder. 

4 
53  and  31 

3 

110 
600 


io*5 
12 

2 

1*67 
II 
12 
104. 


Patent  spiral  flue. 

5» 
1000 

12CO 
I 
I 

74 
2274 

1120 

70 

a-3 
30 

*5 


Maurooordato. 


221 

3*75 
»575 


1963 


Vert  inr.  cyL 

2 

48 

49 
150 

545 


H75 
17 

2'l6 

3 
2*25 

»575 
11*19 

49 

Tubular. 

15 

415 
11654 

6 

2 
111*3 

3543*4 
2iz8 


5' 

4»5 

4* 
26*42 


1861. 
Morrison  &  Co. 


1861. 
West  India  Mail 
Company.  , 

Light  wina ;  heaTy  Calm ;  no  sea ;  tide 

in  &your. 


Bctwec 


Betveeo 


Colombo. 


3>3 

37-25 
18-25 

2487 
445 


Beamgaim 

2 
71 

5*5 
26 

450 
1528 


»5 
3 


18 
12-46 

7« 

Iamb's  shM  I 

18-25 
2250 


16 

4 

340 

899* 
4054 

263 

8 

119 

lOI 


1861. 
P.4  0.CoiJi[ 
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MftftW.) 


lii^hoU. 


Between  13  and  15  knots. 


I       o. 

liaiotoai.  I  Brtwwn.so 
and  500  tons. 


?m. 


Thunder. 


592 
4S15 

Irak. 

3^*5 

♦  SO 


'55 
II 

3 
216 

11-556 


^'^ptteat 


140 

30 

14 

34a 
1000 


Vertical  dir. 

2 

55 

3 

56-5 
zio 

9*4 


16 

4 

3»7 
tt39 


»5 

21 

4 

2. 

2 
15-67 

14*5 
565 

Tubular. 

»3 

780 

X714 
S 

2 
214*6 
4796 
1456 


96 

4 
56 
49 

li^i.  1I61. 

17  Bcaaie  J.  W.  Dudgeon. 

j^    *OBg,CSilm;  no  sea; 
*•-»».  ,  111II0  against 

tide. 


D. 

Between  500  and  1000  tons. 


Ceylon. 


{ 


4« 
1825 

582 

2940 

5a'4 


Iny.  dir. 

2 

.3 
61*3 

450 

2040 


165 

4 
3 


13*34 
6i'3 

LamVs  sheet  flue. 
20 


Tasmanian. 


33a 

« 

3^     o 

19-08 

577 
3375 


Trunk  inrerted. 

el 

3*5 

5» 

550 
2800 


20 

4 
450 

9450 


7 
i|6 

64 


x86i. 
HumphrojB,  Ten- 
nant  &  Co. 


17-83 

33*5 

3*75 
3 

5 

1925 

14-25 
5a 

Tubular. 

'9 
3957 

9375 
26 

6 

510 

19058 

8400 

390 

H 
201 

.150 

t86o. 
A.  &  J.  Inglis. 

Fresh    breeze ; 
flood  2  runs; 
ebb  2  runs. 


I. 

Above  16000  tons. 


Great  Eastern. 


f  F-330I 

* 

M»I20     680 

.  A«23o, 

825 

23*62 

2371 

23*60 

1678 

1685*42 

1676*35 

X0250 

20500 

20240 

75*3 

75*4 

75*3 

Iron  painted. 

Horizontal  direct. 

4 

84 

4 

3858 

37*45 
1600 

36-35 

4656 

4886 

4886 

14 

44 


14*28 
38-58 


13*40 
37*45 

Tubular. 
Average. 


13-13 
3635 


7* 
6 


15859   I  i6x6x   I  14x86 


500 
36 


1862. 
J.  Scott  Russell,  and  logs  of  Q.E. 


o 
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Table  III.— M[E 


Qroups  of  a  Speed 


Subgroups  of  Displacement. 


Name  of  Vessel 


B. 

Between  115 
and  250  tons. 


Length  on  waterline,  in  feet    

Breadth  (extreme),  in  feet   

Tonnaoe,  builder's  measurement 

Mean  draft  of  water,  in  feet     

Area  of  immersed  midship  section,  sq.  ft< 
Displacement,  in  tons  of  35  cubic  feet  . . 


Engines. 


Description    

Niunber  of  cylinders    

Diameter  of  cjUnders,  in  inches 

Length  of  stroke,  in  feet 

Number  of  reyolutions,  per  minute    .... 
Weight  per  sq.  in.  on  safety  yalve,  in  lbs. 

Nominal  horse-power  

Indicated  horse-power 


Propeller. 


Diameter,  in  feet   

Pitch,  in  feet 

Length  in  line  of  shaft 

Immersion  of  lower  edge,  in  feet    . . . 
Number  of  revolutions,  per  minute 
Speed  of  ship,  in  knots  per  hour    . . . 
Speed  of  propeller,  in  knot«  per  hour 
Speed^  X  DH  -r  indicated  horse-power 


Wind 
Sea.. 


Bemarks 


Hefcrenco  to  Reports 


Minx. 


131*02 

22'08 

303 
4'i6 

59 
H5 


H.  H.  P. 

2 
9*1  S 

75 
196 

55 
xo 

365 


4'o8 
356 

•57 
a-33 

196 

5'44i 
6-888 


1862. 


I 

Between  500  and  xooo  tons.         1 


Plumper. 


140 

27-5 
490 

1 2-58 
252 
679 


y.o.  geared. 

2 

a? 

2 

54 

60. 
127-3 


8-69 
6-10 
1x6 
6-42 

109*08 
6-38X 
6-568 

157*6 

No.  3. 


X862. 


Wasp. 


i88'33 

3383 
970 

12 

302 
970 


V.  OS. 

2 

34 

»75 
5858 

XI 

100 
236*2 


XI 

n-5 

2 

475 
5858 

6*976 

7*801 

140*8 

No.  4. 


1862. 


Cruiser. 


160 
3 1 -91 

753 
13*41 

328 

998 


H.  geared. 

a 
2806 

a 

49 
xo 

60 

123-7 


9 
667 

1*12 

6*95 
^'445 


Calm. 


1862. 
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AR  (GhoupI). 


univep.sity! 


■t  i  ^ 


^. 


iFor.^-'' 


n. 


13J2O00  tons. 


U 


P. 

Between  looo  and  4600  ton«. 


*^   .  suchettiL       ^Pl>i<«- 


»*5 


156-15 

1 567 

405 
1361 


b:p. 


r4 


B.  Ac. 

»4-875 

3 
4**39 


i6a*54 


177 
4316 

»474 

»9 

546 

2025 


Hi 

I- 

f 

r53!> 


10^5 
16 


13*33 

44*39 
5-616 


Hur. 

% 

48 

4 

45 
xo 

300 

59a* 


JtCoderBto 
swell. 


IS 
21 

a'S 

45 
675 
9321 


I 


Ik. 


i96o. 


ComwalliB. 


177*08 
4908 
1809 

ai'37 
736 

2718 


H.Tr.H.P. 

2 
=«  30*01 

»'5 

200 
572-8 


Hastings. 


176-87 

485 
1763 
20-83 

7»5 
2730 


Rigsed  and^ 

ToUy 

equipped. 

1862. 


12 

9*5 
1*57 
»475 

5-8 
8996 


Smooth 

water;  a 

little  swell. 


H.  H.  P. 

2 

30 
»*5 
78 

65 
200 

597*3 


1862. 


12 

12*19 
1*92 

14 

78 
6-702 

9*457 


1862. 


I 
Blenheim.  I    Hawke. 


181-23 

485 
1832 

21*12 

738 
2790 


Hor. 

4 

5» 

3 

43 
10 

450 
9384 


16 

20 

3*33 

43 
5-816 

8483 


176*08 
48*46 

1753 
21*37 

757 
1808 


H.Tr,H.P. 

2 
=30 

»'5 

89 

50 
200 

500 


22 

95 
1*57 

14*08 

89 
6*525 

8*340 


No*  2. 


Rigged  and 

partially 

equipped. 

1862. 


1862. 


^ax. 


176 

48-54 
1761 

22*21 

790 

3013 


Hot. 

4 

55 

»-5 
521 

10 

450 

930-6 


t6 

18*42 
3'o8 

12*57 

5* 
683 

9*447 


Light. 
Smooth. 


Z862. 


o  2 
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tablb  IV.— me: 


Groups  of  a  Speed 


Sul^roups  of  DLqplacement. 


Name  of  Yessel. 


Length  in  Tvaterline,  in  feet 

Breadth  (extreme),  in  feet   

Tonnage,  builder's  measurement 

Mean  draft  of  water,  in  feet   

Area  of  immersed  midship  section,  sq.  ft.  ... 
Displacement^  in  tons  of  35  cubic  feet  .... 


Betwee 


B. 

Between  115 
and  250  tons. 


Engines*. 


Description   

Number  of  cylinders    

Diameter  of  cylinders,  in  inches  

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute 

Weight  per  sq.  in.  on  safety-yalye,  in  lbs 

Nominal  horse>power  

Indicated  horse-power 


Propeller. 


Diameter,  in  feet 

Pitch,  in  feet 

Length  in  line  of  shaft     

Immersion  of  lower  ledge,  in  feet  .... 
Number  of  revolutions,  per  minute    . 

Speed  of  ship,  in  knots  per  hour 

Speed  of  propeller,  in  knots  per  hour. 
Speed'  X  DtJ  -r  indicated  horse-power . 


Wind 


Sea 


Bemarks 


Reference  to  BepoHs 


Teazer. 


130 
2179 
296 

515 
82*9 

205 


V.  oa 

2 
27*06 

a-5 

9 

40 

128*2 


5 
7 
i-i6 

192*09 
7-685 
13*263 


Not  rigged ; 
fine  stem. 

1862. 


C. 

Between  250  and 
500  tons. 


Cygnet*. 


i4S'o8 
25*42 
428 

9*14 
168 
393 


Hor. 

2 
32 

82 

21 

80 

162*6 


9 

I2'OI 

1*97 
4*96 
82 
8*677 
9833 
215*5 

No.  2. 


1862. 


Swallow. 


139 

27*92 
486 

10*25 
x8o 

455 


Hor. 

2 

a5'5 
1*75 

76*5 

20 

60 

164*6 


9 

10*87 

i*8i 

5 
76*5 

7*429 

8-206 

H7*4 
No.  5. 


1862. 


Ariel. 


>39 
27*92 
486 

io*79 

'95 
500 


Hor. 

2 

1*75 

82 

20 

60 

190*1 


9 
II 

i*8i 

4*83 

82 

7647 
8897 
148*2 


1862. 


Wi 


16 

47 
I 

54 


6 

21 

16* 

2Zj 


15] 


Half  boiler  power. 
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(fiiocp  2). 


D. 

Setween  500  and  1000  tons. 


^P"'  1  Toteh.         X#yiiz. 

Heynard. 

Lyra. 

Bifleman. 

Pantaloon. 

Hornet. 

Nimrod. 

=        145              160 

147*67 

'39  „ 

150 

'5'    . 

160 

200 

?    iJ      25-3J 

a5*33 

ar83 

27-83 

26-57 

29*08 

31*87 

30-16 

c    ^^ 

477 

516 

485 

486 

577 

753 

851 

-fft      11-37 

10-83 

10*91 

12'20 

11-54 

13-08 

1337 

1075 

1  -*♦ 

X09 

212 

139 

*53 

263 
798 

3»» 

453*5 

^       '557 

586 

604 

638 

678 

937 

969 

•'«.     Hor. 

E[or«  tsrunk. 

Hor. 

Hor. 

y.  00.  geared. 

Hor. 

Hor. 

Hor. 

a                    2 

1 

2 

1 

2 

2 

2 

•3       3a             =35*5 

18 

a5'5 

34 

38 

38-06 

58*06 

rS                 1-67 

1 

»75 

275 

2 

2 

1-25 

9«*75 

80 

56 

84 

35*57 

100 

78 

60-625 

20 

ao 

H 

20 

10 

20 

20 

20 

1    go 

160 

60 

60 

100 

150 

100 

350 

•3     2«o-7            aaa-i 

1536 

227-1 

166-5 

483-75 

411-4 

3831 

,     .. 

8*92 

9 

9 

10 

10 

II 

130S               9'75 

7*a5 

II 

842 

12 

1546 

20'5 

'S:       a-*  5                a*4a 

1-33 

183 

1-45 

129 

1*96 

3 

'^7         i:.^  g                   ^•t%T 

6*33 
84 

6-5 
8964 

6-5 
100 

708 
7! 

4*75 
60*625 

J'          0  23 
L      9»*75 

80 

111 

"         »«43 

7033 

7*3 

7'45 

7»5 

8*934 

8-744 

8-8i8 

Af     ii'Sai 

7694 

8009 

91 14 

7*441 

11-837 

11-893 

11*259 

'     166-8 

?^    Xo.  3  to 
^     Ho.  4- 

109-7 

No.  4- 

134*9 

126*8 

155*6 
No.  2. 

>75*3 

No.  3  to 
No.  4. 

No.  3. 

'M'oderato 

Smooth. 

t     •••♦•••♦• 

swelL 

Bigged  and 
Tally 

Fiilly  rigged 
and  ready  for 

1 

equipped. 

sea. 

^  ,     i»6z. 

1 

1862. 

1861. 

1862. 

1862. 

1862. 

1862. 

1862. 
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Tabu 


G^upsof  aSpeed 


Subgroups  of  Bisplaoement. 


Name  of  Vessel 


Length  on  waterline,  in  feet 

BreaidUi  (extreme),  in  feet   

Tonnage,  builder's  measurement 

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  ft. 
Displaoement,  in  tons  of  bo  cubic  feet   . . 


Engines. 


Description    

Number  of  cylinders , 

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute    

Weight  per  sq.  in.  on  safety-yalve,  in  lbs. . . 

Nominal  horse-power  

Indicated  hone-power 


PnOPELLER. 


Diameter,  in  feet  

Pitch,  in  feet 

Length  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet  .... 
Number  of  revolutions,  per  minute    . 

Speed  of  ship,  in  knots  ])er  hour 

Speed  of  propeller,  in  knots'per  hour. 
Speed*  X  Dtf  -5- indicated  horse-power , 


Wind 


Sea 

Remarks. 


Reference  to  Report* 


Eftlcon. 


i6o 
3i-«3 
748 

H 

330 
too6 


Hor. 

2 

3» 

2 

20 

ICO 

312-2 


10*02 

1 177 

x-98 

7 
815 

7-87 
9-465 

156-7 
No.  3. 


1862. 


Supply. 


»79'5 
27-12 

638 

14-25 

3H 
1070 


In.  Sing.  Tr. 

2 

«=34'5 
2*25 

45 
>4 
80 

265-2 


10 
12 

1-67 

8-57 

45 
8 

10*653 
ao2 


1862. 


Harrier. 


160 

31-83 

747 

1475 
356 
1097 


Hor. 

2 

34 

175 

9383 
20 

xoo 

3235 


10 

11*12 
1-92 

8-33 
9383 

7655 
XO-297 

H7'5 
No.  2- 


1862. 


Beti 


Setveei 


Archer. 


£0 


1 86*33 

33-83 
970 

1*475 
378 

1263 


166 

not 


H.  gcarsd.  HJi 


2 
46*01 

3 

4* 
10 

200 
447-J' 


9] 


561 


9 
7«5 

1-33 

7*08 
126         I 

7-«      I 

0*01 1      I 

i4    I 


I] 


^ 


ml 


1862. 
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\r.iUinu6d,) 


ui^hiixa. 


tilisootoaa. 

Malaem. 

Cossack. 

FluBnix. 

Wyoming, 
U.8. 

Niger. 
Half-boilerpr. 

Conflict. 

Forth. 

'An 

14*16 

3    t 

tlr.HP. 

I 

'95 

385 
1322 

14-04 

3*3 
1365 

Kor. 

2 

5' 

225 

6633 
12 

250 
573-4. 

i2-o8 

X6-57 

*-75 
6-57 

66-33 
8-655 

10-851 

1 39- 1 

174*5 
3183 

809 

15*62 

405 

1460 

V.o.geared« 

2 
62-25 

4*5 
22 

10 

260 

5241 

11-87 

9*83 
1*60 

6-75 

88 

7674 
8-536 

209*7S 

33 
997 
13-29 

39«* 
»475 

Hor. 

2 

50 
a*5 
5»-5 
17 

194*33 

34*67 
1072 

»579 

437 
1496 

Hor. 

4 
47625 
1-83 

55 

12 

400 

431-8 

12*5 

X7'25 
2*48 
8-25 

9*359 
133 

192-54 

34*33 
1038 

1508 

4*1 
1530 

Hor. 

4 
46-25 

2 

7» 

10 

400 
790 

13-52 
16-37 

7*83 

7* 
885 

11*630 

116-5 

No.  3  to 

No.  4. 

Light  swell. 

159    ^ 
42-16 

1228 

17-62 

493 
17C4 

H.  Tr.  H.  Pr. 

2 

=  30*25 

»*5 
110 

60 

200 

814 

12 
xo 

1-67 
11-57 
no 

8*6 
10*851 

139 
ft-'   • 

. 

3  ' 

iri2 
rS5 
6-25 

8708 

13-08 

»9 
»-5 

5**5 
7*1 

9  547 

Fresh  breeze. 
Little  swell. 

-'".  z. 

• 

:c62. 

1862. 

1 362. 

1862. 

1862. 

1862. 

1862. 
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Tab] 


Ghroups  of  a  Speed 


Subgroups  of  DiBplaoemeut. 


Bet 


Betwee 


Name  of  Vessel, 


Length  on  watorline,  in  feet 

Breadth  (ratreme),  in  feet  

Tonnase,  builder's  measurement    

Mean  oraft  of  water,  in  feet    

Area  of  immersed  mide^p  section,  sq.  feet. , 
Displaoementy  in  tons  of  35  cubic  feet   ..... 


Russell. 


E50IKIS. 


Description   

Number  of  cylinders    

Diameter  of  cylinders,  in  inches     

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute    

Weight  per  sq.  in.  on  safety-Talve,  in  lbs... 

Nominal  horse-power  

Lidicated  horse-power 


Paopelleb. 


Diameter,  infect  

Pitch,  in  feet 

Length  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet  . . . . 
Number  of  revolutions,  per  minute    . 

Speed  of  ship,  in  knots  per  hour 

Speed  of  propeller,  in  knots  per  hour. 
Speed'  X  t)t|  -i-  indicated  horse-power . 


176.5 

48-33 
1751 

1 1*85 

585 
a  106 


H.Tr.H.P. 
2 
=3025 
2-5 
103 
60 
200 
701-3 


Pembroke. 


176 

4«-5 
1758 
195 

660 
2465 


Wind 


Sea 

Bemarks 


Beferenoe  to  Beports 


12 
9*5 

10*46 

103 

7*5 
9-652 

988 


1862. 


H.H.P. 

2 
30 

S2 

200 
572 


12 
12 

2 

12'08 

82 

7*6c2 
9706 


No.  a. 


1862. 


Arrogant 


200 

4573 
1872 

19-4.1 

604 

2565 


H.  trunk. 

2 

=55 

3 
64833 

12 

360 

8948 


»5'5 
1546 

242 

io'x6 

64833 

8'935 
9*886 

M9'4 
No.  3. 


1862. 


EdinborgL  Ma 


1765         ] 
48*61 
1772  25s 

22*12 

785 
3005 


Hor. 

4 
55 

a-5 

5» 
6 

450 

963-6 


16 

1875 

3*o8 

11*71 

5» 

8'49S 
9-618 


1862. 


3^ 


ON  ST£AM*SHIP  F£RFORMANC£. 


81 


{c9nthuui,) 


and  9  knots. 


and 


tons. 


Hor. 

4 
5*5 

3 
56 
10 

797-3 


i6*o6 

1875 

3-33 
125 

56 
8-328 

10357 


Hogue. 


i?4 

4«-37 
J  846 

22-49 

805 

10SI 


Hannibal. 


217-5 
48-13 

3«36 
20-55 

777 
3300 


S.  geared. 

2 
71-25 

4 
27-5 

12 

450 
1071-2 


»7 

12-5 

2-o8 

883 
64-87 

8*6 
7999 


Brunswick.     Centurion. 


FuUt  rigged  Launching ; 


and  com- 
plete with, 
wa  stores. 
1862. 


cleatB  not 
remoTed. 

1862. 


190 

5575 
2484 

2424 

882 

3632 


Hor. 

2 

3 

53*5 
20 

4C0 

1438 


17 

20'57 

3 
14*16 

53*5 
7-742 
10-862 


Hor. 

2 
64 

3 

54 
20 

400 
"55 


"7 
21 

3 

n'57 

54 

8-5 
11*186 


No.  7,  very  Freeh  breeze, 
strong. 

Considerable 
swell. 


1862. 


2862. 


Cressy. 


190 

57*08 

198-42 
55 

2590 

2540 

24-37 
895 

3680 

24-41 

855 
3707 

Hor. 

2 

64 

3 
48-2 

20 

400 

1076*3 


17 
21 

3-08 
12-92 
482 

7-206 

9*984 
833 


1862. 


San82}areil. 


200 
52-25 
2339 
24-14 

994 
38CO 


Hor. 

2 

64 

3 
58 

"5 

400 

1471 


16 

»3 

3 
14*20 

58 

9'3 

»3*59 


Calm. 
Smooth. 


1862. 


a. 

Between  4000  and 
8000  tons. 


Kile. 


205.5 
-5429 

2622 
24-96 

1013 

4480 


Hor. 

4 
62*25 

3-5 
30 

16 

5C0 

1247-3 


I 


17 
16 

2*67 
13-92 
60 
8-2 
9470 
J  20' I 

Light  breeze. 

Smooth. 


1S62. 


Niagara, 
U.S. 


32887 
53-67 

22 
856 

5075 


Hor. 

3 

72 

3 

45 

'9 
700 

>95'509 


18*27 
31-27 
1-888 


45 
109 

13*88 


1862. 
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Table  V.— MEN-OI 


Groups  of  a  Speed 


Subgroaps  of  Duplaoement. 


Between  9  u 


A. 

TJDder 
125  tons. 


Name  of  Vessel . 


Dwarf. 


Length  on  waterline,  in  feet 130 

Breadth  (extreme),  in  feot  |     16-5 

~  -----  ^^^ 

55 
44 
98 


Tonnage,  builder's  measurement. 

Mean  draft  of  water,  in  feet 

Area  of  immersed  midship  section,  sq.  ft. 
Displacement,  in  tons  of  35  cubic  feet    . . 


Engines. 


Description    

Number  of  cylinders    

Diameter  of  cylinders,  in  indues 

Lengdi  of  stroke,  in  feet 

Number  of  revolutions,  per  minute  * 

Weight  per  sq.  in.  on  safety-TalTe,  in  lbs. ... 

Nominal  horse^power  , 

Indicated  horse-power 


Phopbller. 


Diameter,  in  feet 

Pitch,  in  feet 

Lengtii  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet   . . . . 
Number  of  revolutions,  per  minute    . 

Speed  of  ship,  in  knots  per  hour 

Speed  of  propeller,*in  knots  per  hour. 
Speed'  X  Dtf  -r  indicated  horse-power . 


Wind 


Sea... 


Rwnfr''kff 


Beferenoe  to  Beports 


Vert. 

a 
40 

»"67 

355 
8 
90 
2x6 


567 
8 


182*8 

io'537 
14-447 


Not 
rigged. 

1862. 


Dart. 


145 

»5"33 

4*5 
9*08 

166 
390 


Hor. 

2 
32 

"'5 

lOI 

20 

80 

3617 


9 
12-33 

2 

4-67 

101 

10-Z9 

12*287 

156-2 


1862. 


Between  250  in 


Lee. 


145 
»5*33 
4*5 

9*12 

167 
392-5 


Hor. 

2 
32 

'•5 

98 

20 
80 

3431 


9 
12-33 

2 

5 

98 

I0'022 
11*922 
157-2 


1862. 


Snipe. 


14s 

a5'33 

41^    • 

9*16 

168-5 
395 


Hor. 

2 
32 

1*5 
103 

20 

80 

3634 


9 

"•33 

2 

5*5 
103 

10-32 

12-531 

162*8 


1862. 


Sparrow.  SimVii 


»45 

2533 
4*5 

9'20 

169*5 
398 


J45 

425 

I7C-5 
4CI 


Hor. 

2 

3* 

»*5 

108 

20 
80 


9 
>*'33 

2 

5*33 
108 

10-872 

13*139 

177*5 


Hor. 
1 

30 

ICC 

20 

So 


391-8     .  334 


9 
}    I 

ICO 

9'9I 
1159 

159-6 


1862.        18^1 


ON  8T£4M-SaiP  rSiirO&MANCE. 


83 


WAB  (GBorp  3). 


iikDota. 


5%  Urns. 


Molkt 


»45 
25*33 

9*H 
ro'$ 

4CI 


Hor. 

2 

3» 
'S 

IC2 
20 

So 
3554 


Espoir. 


GrifTon. 


9 
12-33 

2 

S-I6 

102 
10*067 
12-409 

156-1 


H5 
^5*33 

9*45 
176 

416 


Hor. 

1 
30 

1*67 
98 
20 
80 

33o'3 


9 

"•75 

483 
98 
10*05 

J ''359 
171*3 

No.  5. 
Smooth. 


«45 
a5*33 

9*46 
176 
416 


Hor. 

z 
32*125 

101 

20 
80 

3»5'9 


9 
12-33 

2 

5 

101 

10*1x9 
12-287 
177*2 

No.  4  to 
No.  5. 


Snake. 


160 

»5*33 

477 
9-62 

179 

482 


1862. 


H.  trunk. 

2 
=  35-1 
1*67 
109*83 
20 
160 

459*8 


11 
10 

**33 
3-67 

109*83 
10*303 
10-834 

146-2 


1862. 


Sharp- 
shooter. 


150 
26*61 
503 

9»5 
196 

518 


Hor. 

2 

46 

3 

4r-5 
10 

200 

365*2 


9 
9 
»'5 


124-5 
9-189 
11*052 


D. 

Between  500  and  1000  tons. 


Rigged  and 

partiallj 

equipped. 

1862. 


Beagle. 


160 

a5'33 
477 

10*125 
192 

5*3 


Hor. 

2 
42125 

ns 
72 

20 

160 

»95 


XI '08 

14-71 

2*29 

442 

7» 
9*409 

10*446 

183-3 

No.  X  to 
No.  2. 


1862. 


Banger. 


145 

2533 

425 
11*33 

223 

550 


H.Bing.T. 

2 
=  30*2 

'•5 

95*5  . 
20 

80 

283*6 


9 

''I 
1*83 

6 

9*006 
10*833 
172*9 

No.  3  to 
No.  4. 


1862. 


Philomel. 


145 

a5'33 

4»5 
11*58 

230 

570 


Hor. 

2 

3» 

108 
20 
80 

354» 


12'l8 
2*21 
6*42 
108 

9*54« 
13032 

168-9 

No.  3  to 
No.  4. 


Rigged 
and 

stored. 
1862. 


Gannet. 


'5» 
29*98 

577 

10*87 
202 

583 


Hor. 

39 

2 

90*6 

20 
150 
616-6 


10 

H'5 
»-5 

45 
90-6 
10-817 
12-958 

»43'3 
Calm. 

Smooth. 


1862, 


Cordelia. 


29-08 

577 
II 

204 
59« 


Hor. 

a 

j« 

2 

78 

ao 
150 
460*8 


xo 
16 

»'5 

,i" 

9-912 

12-|I0 
148-8 

light 

breeze. 

Little 

swelL 


1862. 
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Table  Y. 


Groups  of  a  Speed 


Subgroups  of  Displacement. 


Name  of  Vessel. 


Length  on  waterline,  in  feet 

Breadth  (extreme),  in  feet   

Tonnaee,  builder's  measurement 

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  feet., 
Displacement,  in  tons  of  35  cubic  feet    


Engines. 


Description   

Number  of  cylinders 

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute    

Weight*  per  sq.  in.  on  safety-valve,  in  lbs.... 

Nominal  horse-power 

Indicated  horse-power 


3. 

BetwMn9&Dd 


Alacrity. 


i8o 

28-33 
670 

925 
605 


Fropbller. 


Diameter,  in  feet  

Pitch,  in  feet 

Length  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet  . . . . 
Number  of  revolutions,  per  minute    . 

Speed  of  ship,  in  knots  per  hour 

Speed  of  propeller,  in  knots  per  hour. 
Speed'  X  Dl  -r  indicated  horse-power . 


Wind 


Sea 


Bemarks. 


Beferenoe  to  Beports 


Hor. 

2 

45 

2 

85-5 
20 

200 
587-2 


Icarus. 


'5' 
29*08 

577 
II 

211 

618 


II 
16 

**5 
3-42 

85-5 
10*651 

i3'494 
147*2 


1862. 


H.sin.Tr. 

2 
=  38*875 
1-83 

9» 

20 

150 
602*8 


10 

14*42 
2*19 
5-67 

9» 

10*146 

13*083 
1257 


1862. 


Eclipse. 


185 
28*33 
695 

9'33 
198 

625 


Hor. 

2 

45 

2 

96 

20 
200 
838*4 


II 
i6'5 
2*42 

3'9» 
96 

II 

15*625 
ii6'z 


1862. 


Between  500  and 


Lily*. 


185 
28*33 
695 

9*83 
200 
634 


Hor. 

2 

45 

2 

76 

20 

200 

474*1 


Surprise. 


II 

17 

3*»5 
4*83 

76 

10 

12*744 

155*7 


1862. 


180  . 
28*33 
670 

9*5 
ao3*5 
637 


Hor. 

2 

45 

2 

93 
20 

200 

721*4 


iz 

15*83 

a*5 
3-92 

93 

10*81 

14*525 
129*6 


Smooth. 


1862. 


Wan- 
derer. 


180 

18-33 
670 

9"57 
206 

645 


Hor. 

2 

45 

2 

88*5 

20 
200 

627-« 


II 

|6'54 
1-67 

ys 

88-5    , 

IO*35» 

14-440 
128-4 

No.  3- 


1862. 


*  Half-boiler  power. 
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(m&iMed.) 


II 


isGotaas. 


BoBrio. 


Bapid. 


i6c 

3«'33 

669 

I  IS 
212 


x6o 

30*33 
669 

1171 
228 
666 


Hor. 


95 

H 
'  150 

615-2 


Hot. 

2 

38 

2 

100 

20 

150 

613 


Coquette. 


10 

10 

H 

13 

»•? 

3 

533 

5'75 

93       1 

100 

10-08 

IO'2 

ir«43 

12*823 

124-4 

132 

1861.      1862. 


180 

28*33 

670 
11*41 

242 
790 


Hor. 

2 

45 

2 

82*25 

20 
200 
690 


II 

x6 

»'5 

4-57 
82-25 

10-853 
X2'q8i 


No.  3. 


1862. 


Fawn, 


160 

31-83 
748 

1133 

247 
709 


Hor. 

2 

3a 

2 

9»*5 
20 

100 

406*9 


10 
12 

2 

533^ 
92*5 

9*21 

10949 

152-7 


1862. 


Ring- 
doTC. 


x8o  . 

2833 
670 

10*21 
223 

714 


Hor. 

2 

45 

2 

84 

20 
200 
676*8 


II 

15-71 

»'5 
4*16 

84 

10*824 

13-016 


No.  I. 


1862. 


Baoe- 
horse. 


185 

28*33 
695 

io'i6 
221 
718 


Hor. 

2 

45 

2 

85 

20 
200 

73 »  6 


II 
i6-5 

2-46 
4-67 

85 
10*937 

i3'834 
H3*4 

No.  3  to 
No.  4. 


1862. 


Alert 

Lapwing. 

Mohawk. 

160 

180 

180 

31*83 

28*33 

28*33 

748 

670 

670 

xi'41 

1083 

io*^7 

250 

240 

242 

718 

781 

785 

Hor. 

Hor. 

Hor. 

2 

2 

2 

32 

45 

4225 

2 

2 

2*l6 

9* 

85 

88 

20 

20 

20 

100 

200 

200 

387-4 

6892 

641*5 

10 

II 

II -08 

12 

15-65 

14*25 

2 

a'5 

2-56 

S'^S 

442 

4-42 

92 

85 

88 

9607 

II'02I 

10721 

10*890 

1 3*  101 

12-370 

183-5 
Light 

No.  2. 

No.  2  to 

No.  3. 

Smooth. 

Without 

masts  or 

nggmg. 

1862. 

1862. 

1862. 

Vigilant. 


180 

28*33 
670 

11*04 

245'5 
803*5 


Hor. 

45 

2 

84 

20 
200 
629*9 


II 

16*46 
2*64 

4*57 
84 

9763 
13*257 

1277 

No.  5  to 

No.  6. 


Steam  main> 

tainedatnot 

more  than 

18  lbs. 

1862. 
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Table  Y. 


Groups  of  a  Speed 

Subgroups  of  Displacement 

Name  of  Vessel 

Length  on  water-line,  in  feet  

Breadth  (extreme),  in  feet  

Tonnage,  builders  measurement... 

Mean  draft  of  water,  in  feet   

Area  of  immersed  midship  sect  sq.ft. 
Displacement,  in  tons  of  35  cub,  ft. 


Engines. 

Description    

Number  of  cjUnders    

Diameter  of  cylinders,  in  inches... 

Length  of  stroke,  in  feet 

Number  of  reyolufcions,  per  minute 
Wt  per  sq.in.  on  safety  TalTe,in  lbs. 

Nominal  horse-power 

Indicated  horse-power 

Fbopelleb. 

Diameter,  in  feet 

Pitch,  in  feet     

Length  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet 
Number  of  rerolutions,  per  minute 
Speed  of  ship,  in  knots  per  hour 
Speed  of  propeller,in  knots  per  hour 
Speed' xDt|-J- indicated  h.-p 

Wind     

Sea 

Remarks    , 

Reference  to  Reports   


3. 
Betwe6n9UMi 


- 

D. 

Between 

500  and  1000  tons. 

Osprej. 

Racer. 

Victor. 

Industry. 

Zebra. 

i8o 

151 

200 

179*5 

185 

»8-33 

29*08 

30-16 

27*11 

33-16 

670 

577 

851 

638 

950 

IZ'IO 

13-37 

10*04 

12*66 

11*83 

250-5 

272 

233 

281 

277 

826*5 

829 

87s 

903 

912 

Hor. 

Hor. 

Hor. 

• 

Osea. 

Hor. 

2 

2 

a 

2 

2 

4506 

40 

55 

365 

425 

2 

1-67 

»S 

3 

»-i6 

80 

965 

84-5 

4» 

112 

20 

22 

20 

12 

20 

200 

•150 

350 

100 

200 

593'4 

522-2 

973-« 

317-8 

9848 

11*04 

10 

11 

9 

12 

15-83 

135 

20*5 

11 

>5 

259 

2-19 

3    ^ 

183 

ris 

4*5 

6*92 

4-16 

6-92 

4*a5 

80 

965 

845 

97-54« 

112 

io'i5 

9'5»9 

9-056 

9-12 

10*714 

12-495 

12-85 

17*087 

10-585 

16-572 

1552 

I45-8 
No.  3. 

698 

223*1 

117-4 

Bottom 

foul. 

1862. 

1862. 

1862. 

1862. 

1862. 

200 

1765 

30-16 

3»'7i 

851 

888 

11*29 

1379 

270 

338 

1040 

1112 

Hor. 

a 

5806 
2*25 
70 
20 
350 
930-1 


Battier. 


V.  d.c.g. 

4 

40-125 

♦ 

a5'43 
10 

200 

519-1 


II 

21*25 
3*02 
516 

70 

10*25 

14-673 
118*9 


Smooth. 


10 
II 
115 

7*5 

101-71 

9*H» 

10-03: 

>59 


1862.   I    ]86z. 
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{mtinued.) 


iiknoU 

• 

E. 

. 

Between  1000  and  2000  tons. 

-SfXL 

'^ 

Grej- 
hound. 

1 

Mutine. 

1 

Binaldo. 

Fox. 

Miranda. 

Tartar. 

Brisk. 

£u- 
counter. 

^H 

218 

i7»-5 

171-5 

185 

»59-33 

196*04 

'95 

»93'57 

190 

3^6 

30-33 

33'i6 

33-16 

3316 

40*33 

34 

38-5 

35 

43*10 

r>c 

950 

878 

878 

950 

1131 

1039 

1322 

1074 

953 

ir54  i 

1 1 'OX 

13*78 

«4 

1462 

16*29 

12-37 

1396 

1375 

13*70 

3.-: 

2S6 

.34» 

349 

3Sz> 

449 

336 

379 

350 

381 

ij;j 

II6I 

1175 

1200 

• 

1286 

1340 

1350 

1350 

1370 

»459 

Hot. 

Ear. 

Hot. 

Hor. 

Hor. 

Hor. 

Hgoared. 

Hor. 

Hor 

H.  trunk. 

2 

•» 

3 

2 

2 

2 

2 

2 

1 

1 

♦5 

5S06 

45 

45 

4a' 5 

45 

56*375 

5« 

5» 

-55 

1 

r»5 

z 

1 

2*16 

2 

3*75 

2*25 

3*5 

115 

Jol 

74'5 

80-5 

82 

91*083 

93 

285 

71*25 

39 

8 1 -75 

13 

20 

20 

20 

20 

20 

13 

»4 

H 

11 

2C3 

3S0 

200 

200 

200 

200 

250 

150 

250 

300 
844 

5«4X 

1222*6 

744*9 

786-4 

7S*-4 

740*8 

613*1 

73  » 

595-6 

^M1 

I3'i6 

i»*38 

12-33 

11 

12*04 

12 

ii'o8 

12 

11 

'n 

19-96 

'4*5 

13-5 

13*87 

IO-86 

11*5 

16*5 

12*16 

»5'75 

229 

3 

S'^A 

2-67 

1*12 

2 

1*92 

a75 

1 

1-67 

n3 

5*75 

5-^7 

616 

7*33 

9-42 

«5'*S 

6*16 

6-33 

6-54 

iy% 

74-5 

805 

81 

91083 

93 

8787 

71*25 

«7*75 

8i*75 

:rio6 

11-43 

987 

10-15 

10*588 

9-3a5 

10*75 

9*4 

9035 

10*699 

«374a 

14*667 

11-448 

10*91 

ii'6o3 

10*884 

9-968 

"•759 

10-531 

11*735 

1934 

>73-5 

1437 

154-6 

1 86*6 

133 

138-8 

151*8 

Urht. 
1   

;  No.  a. 

t 
1 

liight. 
Smooth. 

No.  3. 

No.  3. 

No.  5 
abeam. 

No.  5  to 
No.  6. 

No.  4  to 
No.  5. 

Calm. 

•  •••• 

1 

Fully 

equipped 

for  Bea. 

••*.•• 

FoUy 
rigged. 

iS52. 

1862. 

1862. 

1 

1862. 

1862. 

1862. 

1862. 

1862. 

1861. 

1862. 
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Table 


Ghroups  of  a  Speed 


Subgroups  of  Displacement 


Name  of  Vessel. 


Length  on  vraterline,  in  feet 

Breadth  (extreme),  in  feet  

Tonnage,  builder's  measurement    

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  ft. 
Displacement,  in  tons  of  35  cubic  feet  . . . 


Enqines. 


Description   

Number  of  cylinders    

Diameter  of  cylinders,  in  inches     

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute    

Weight  per  sq.  in.  on  safety-valve,  in  lbs. . , 

Nominal  horse-power  

Lidicated  horse-power 


Propeller. 


Diameter,  in  feet 

Pitch,  in  feet     

Length  in  line  of  shaft     

Immersion  of  lower  ledge,  in  feet  .... 
Number  of  revolutions,  per  minute  . 
Speed  of  ship,  in  knots  per  hour  .... 
Speed  of  propeller,  in  knots  per  hoiur. 
Speed'  X  Dtf  -r  indicated  horse-power 


Wind 


Sea 

Remarks 


Reference  to  Reports 


Niger. 


i94-'33 
34-67 

1072 

1579 
437 
H97 


Hor. 

4 
47-625 

1-83 

78 
12 

400 

1002-Z 


r2'5 
»7'25 

»*45 
825 

78 
10-25 

I3*i7» 
140*6 


Megaera. 


207 
37-83 

'395 
1329 

383 
'554 


Despe- 
rate. 


192-33 

34' 3  5 
1037 

15-96 

452 

1663 


Hor. 

4 

49' S 

2 

74-21 
8 
350 
9256 


14-46 
16 
2-73 

6-67 
74-21 
10*241 
11-711 


••}•.. 


H.  geared 

4 
55-01 

»'5 

37 
10 

400 

8917 


13-08 
13-83 

2'25 

8-42 

80-727 

9-6 

11*016 
139-3 

Light 

breeze. 

Smooth. 


Betireen 


'' 


Between  1000  u 


Terma- 
gant. 


a  1 0*08 
40-5 

'547 
14-05 

436 
1670 


Hor. 
2 
62-5 

3 

62 

'5 
400 

1205*6 


15*61 
24 
287 

5-5 
62 

io'66 

14*678 

141*4 

No.  4. 


High- 
flyer. 


192 

36-33 

"53 
1 6*5 

476 
1775 


Sealion 


'59 
4r8j 

I2I2 
18-St 
518 

'799 


Hor. 

2 
55-18 

a-5 
53*37 

250 
702 


I2*o6 

971 

1*67 

8-33 

106' 74 

9*399 
z  0*222 


H.T.HJ 

2 
=3025 

112-25 
60 
200 
832-4 


ri 
ro 

r6 
ii-ol 
iirij 

919 
ii-o; 


No. 
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(<mUmu£d,) 


ted  iiknoto. 


23Oot0llft. 


Green- 


19a 

36-15 

"55 


i 


Za.oae£L 


/75 
€3 

i3 
Til 


13*20 

*•  •   •■ 

H 
"75« 


ai3 

3r4o 

141 8 
J4'*o 

»«35 


71 

4 

3» 


564 
7»9*3 


»4 
»3 

75** 
959 
9*643 


Fykdes. 


«9*75 
38-42 

1278 

175 

522 

1956 


H.  trunk. 

a 

=  55 

3 
62*5 

20 

350 
II06 


P. 

Between  2000  and  4000  tons. 


Chal- 
lenger. 


200 
40-33 
1462 

17*43 
522 

2018 


1575 

20 

3 

883 

62'5 

10*119 
12*330 


No.  4 


H.  tmnk. 

2 
«58ix 
3-25 
546 
20 
400 
1190*8 


16 
23-5 

3 

7*67 

54*6 
xo'6ox 
12*656 
1598 

No.  5  to 
No.  6. 


FearL 


Racoon*. 


200 

40-33 
1462 

17*92 

538 
2107 


200 

4033 
1462 

17*96 

540 
2x15 


H.  trunk. 

2 
«S8*ii 

3*25 

55'a5 
20 

400 

1078*1 


Hor. 

2 
64 

3 
56 
20 


16 
22*92 

3 
8*83 

55*15 
10-988 

12*49 

202*2 

No.  2. 


400 
1485 


16 
26 

3  • 
8*92 

56 
10*918 

14*362 
'44*3 

No.  3  to 
No.  4. 


Satellite. 


200 
4033 
1462 

1808 
546 
2138 


H.  trunk. 

2 
=  58-11 

3*15 
57 
20 

400 
1213*5 


x6 

235 

3 
8*92 

57 
10-55 

13-213 

1 60' 6 

Fresh 

hreeze. 

Little 

swell. 


SateUite*. 


Tribune. 


200 

40-33 
1462 

1808 

546 

2138 


H.  trunk. 

2 
=  5811 

3'a5 

475 
20 

400 

700*4 


16 

»3'5 
3 
8*92 

47*5 
9*366 

II'OXI 

1947 

Fresh 

breeze. 

Little 

swell. 


192 

43 
1570 

i8'5 

578 
2220 


Hor. 

2 

55 

1*5 

725 

20 

300 

1068 


1408 

'7*57 
2*87 

9-83 

7a-5 

10*418 

12*575 


No.  2. 


Assistance. 


28287 

3639 

1793 
16-62 

440 

2260 


H.  S.  Tr. 

4 
=4516 

3 

45*083 

12 
400 
878*8 


17*18 

22*62 

2*75 

7-67 

54083 

10*663 

12*075 

237*6 

No.  2  to 
No.  3. 


*  Half-boiler  power. 


1B67. 
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Groups  of  a  Speed 


Subgroups  of  Displaoement. 


Name  of  Yessel 


Length  on  waterline,  in  feet 

Breadth  (extreme),  in  feet  

Tonnage,  builder  s  measurement 

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.-  ft. . . 
Displacement,  in  tons  of  o5  cubic  feet  


Engikes. 


Description   

Number  of  cylinders    

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet 

Number  of  revolutions,  per  minute   

Weight  per  sq.  in.  on  safety-Talye,  in  lbs 

Nominal  horse-power  

Indicated  horse-power 


Propeller. 


Diameter,  in  feet ...; 17*18 

Pitch,  in  feet     22*62 

Length  in  lino  of  shaft 2*75 

Immersion  of  lower  ledge,  in  feet 8*33 

Number  of  revolutions,  per  minute    5''75 

Speed  of  ship,  in  knots  per  hour 10*3 16 

Speed  of  propeller,  in  knots  per  hour ii*555 


B< 


Betw< 


venture. 


Yulcan. 


282*87 

36-37 
1793 

17*21 

461 

2388 


H.  S.  Tr. 

4 
=4516 

3 

sns 
10 

400 

824*9 


Speed*  xDt|-r  indicated  horse-power 


Wind     . 

Sea 

Bemarks 


237-8 


220 
41*42 
1764 
17*20 

553 
2520 


Hor. 

2 
64 

3 

48*375 
10 

4C0 
857-3 


Lion. 


192 

57 
261 

»975 

635 
2540 


H.  trunk. 

2 
«58ii 

3^5 
66 

20 

400 

1771*2 


17*08 
22*87 

3 
10-67 

48-375 
9*511 

10*915 

1858 


No.  4.     No  5  to 

I  i;o.  6. 


Reference  to  Beporta 


Supply 
of  .steam 
deficient. 


17 
18-5 

3 
10*42 

66 

10*911 

12*044 

136-5 

Light 
breeze. 

Little 
swell. 


Simoon. 


246 

41 

1980 

15*95 
528 

2550 


Hor. 
2 
62-5 

3 
57 
20 

400 
'*55*3 


Phoibe*. 


240-5 

5'*5 
2848 

'7*95 

573 
2700 


15-92 

14*57 
271 

8-08 

57 
10-861 

13*822 

190*5 

No.  5  to 
No.  6. 


Hor. 

2 

65 

3 
50*5 

20 

500 

844*3 


I 


2' 


H 


18 
22 
3*25 

7*5 
50-5 

9*959 

io*959 
2268 

No.  4. 

ModtM-jili' 
swell. 


li 


*  Ilalf-boiler  power. 
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ismtumed.) 


iiinota. 


1 

KuHOL  Colowiu. 
k^-rti      190 

Im* 
p^rieuse. 

London*. 

Aboukir. 

Nelson*. 

Windsor 
GoBtle. 

Cfesar. 

Royal 
Oeorge. 

Chesa. 
peake. 

212 

21525 

204 

216*25 

204 

207-33 

»05'57 

212 

^'3        $7               50 

54»9 

60 

54*5 

60-04 

56-06 

54*54 

50 

5S*        »S90          »355 

2687 

3091 

2736 

3101 

2767 

2616 

2356 

15*7        SI -04         20'49 

19-83 

20-5 

19*66 

20*25 

21*04 

20*16 

21-66 

^?       !  708             688 

735 

740 

750 

770 

726 

760 

746 

^       2855 

3044 

3115 

3150 

1 

1 

3158 

3H5 

3250 

3270 

3334 

W.    H.tnizijk. 

U.  trunk. 

'    Hor. 

H.trai^. 

Hot. 

H.  trunk. 

H.  trunk. 

H.  trunk. 

Hor. 

i              a 

2 

2 

2 

2 

2 

2 

2 

2 

64         «5«-»S 

^«55 

70-07 

«58'A5 

7« 

=6433 

-58 

«  58*11 

64 

5              3-»5 

3 

3 

3-25 

3^^ 

3*33 

3'a5 

3*5 

3 

5'33        ^i*»3 

68 

49 

62-3 

54-66 

68*5 

60 

6033 

5» 

21              iO 

20 

20 

20 

20 

20 

22 

20 

20 

£_   1  ^^ 

360 

500 

400 

500 

500 

400 

400 

400 

P^  11420-6 

1 199*8 

8787 

1533-3 

1190*8 

20523 

1420 

1397.9 

1159*2 

>7           I7*i* 

15-96 

18 

^7 

18 

17 

17-12 

17 

17 

H           1 846 

'7, 

20 

17-5 

20-16 

18-5 

18-89 

18 

22-5 

J             a-89 

»-6i 

3 

3 

375 

3 

2-96 

3 

3 

««          io-4»    ■      "**5 

983 

io'i6 

983 

1075 

11*42 

10 

H75 

5^]       61-83          68 

49 

623 

5466 

63*5 

60 

6o*33 

5» 

'€^466        9*66          lo-iii' 

9-508 

9'55 

10*363 

10-955 

10*274 

9568 

9658 

«T5  3       11-258        11-4031       9-667 1 

10754 

10*875 

12*503 

11*183 

io-yi2 

11-541 

^t       134-9           181 

208-6 

122*1 

201*2 

140-4 

138 

'73*4 

jjto     No.  4. 

No.  4 

No.  7  to 

No.  3. 

IN0.4. 

No.  I. 

Calm. 

No.  4  to 

«0-i 

No.  8. 

No.  5. 

Little 

Heavy 

Bwell. 

Smooth. 

1 

1 

~        '                    ...          ■■— 

swelL 

^ 

•  ■■          — 

*  Half-boiler  power. 
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REPORT — 1867. 


Ti 


Groups  of  a  Speed 


* 

Sul^gronps  of  Displaoement. 


Name  of  Veaflel 


Length  on  waterline,  in  feet..... 

Breadth  (extreme),  in  feet  

Tonnaee,  bailder's  measurement    

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  ft. . . . 
Displacement^  in  tons  of  35  cubic  feet  


ElCGIXES. 


Description   

Number  of  cylinders 

Diameter  of  cylinders,  in  inches ,. 

Length  of  stroke,  in  feet 

Number  of  rerolutions,  per  minute   

Weight  per  sq.  in.  on  safety-TalTO,  in  lbs.... 

Nominal  horse-power  

Indicated  horse-power     


Propeller. 


Diameter,  in  feet  

Pitch,  in  feet     

Length  in  line  of  shaft 

Immersion  of  lower  lodge,  in  feet .... 
Number  of  revolutions,  per  minute  . 
Speed  of  ship,  in  knots  per  hour  .... 
Speed  of  propeller,  in  knots  per  hour. 
Speed^xDtf -vindicated  horse-power 


B 


P. 

Between  2000  and  4000  tons. 


Nar- 
cissus. 


228 

51-25 
2665 
21*42 

706 
3412 


Hor. 

2 

64 

3 
635 

20 

400 

1701*1 


Wind     . 
isea ....... 

Remarks 


17 
18-5 

3*57 
11*67 

63-5  , 
10*936 

11*588 
174*3 

Light 
breeze. 
Little 
swelL 


Beferenoe  to  Reports 


Boval 
William. 

Algiers*. 

216*75 

218*57 

5575 

60 

2849 

3347 

21*04 

21 

820 

814 

3520 

3550 

Hor. 

Hor. 

2 

2 

65 

76*125 

3 

35 

62*5 

47*75 

20 

20 

500 

600 

1763*1 

1361*8 

18 

18*12 

20 

26*08 

3 

3 

10*42 

10*75 

625 

47*75 

10-581 

10*487 

12*330 

12*286 

M5*5 

156*6 

light 

No.  4. 

breeze. 

Little 

SHght 

swell. 

wave. 

Immor- 
tality*. 


251 
52*08 

3059 
21*42 

7>5 
3625 


Hor. 

a 
76 

3"5 

46 

20 

600 

1337*7 


19*42 

»5'5 

339 

9*5 
46 

10*94 

11*571 

231 

No.  2. 


*  Uah'-boiler  power. 


Tra- 

fiilgur. 


216 

55*46 
2900 

22*91 

880 

3850 


Hor. 
2 
66 

3*5 
62166 

20 

500 

2275*1 


s] 


I 


18 

19 

304 

"•33 
62*166 

10908 

ir65i 

140*1 

Cakn. 

Smooth. 


J 


I 
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mtinued.) 


idixknotB. 

( 

C». 

Between  400c 

» and  8000  tons. 

Ei- 

koQth. 

Saint 

Orion.     Neptune. 

Aga- 
memnon. 

Duke  of 
Wellington. 

Victor 
Emanuel*. 

Victor 
Emanuel. 

James 
Watt. 

nown*. 

«H       1 

216-5 

»38 

216-5 

230 

240-5 

230 

230 

230 

144*75 

60 

5437 

55-75 

55*4» 

55*33 

60 

55*33 

55*33 

55*4» 

55*33 

=83       .: 

(864. 

J2.3» 

2830 

3074 

3759 

3087 

3087 

3083 

3318 

«4-37 

»3'95 

24*12 

2496 

2304 

23-62 

24-12 

24-12 

H33 

2367 

96S 

966 

S94 

1018 

1012 

988 

X065 

X065 

1085 

1050 

gco       ^ 

k3'3           -- 

I.5S0 

4589 

4806 

5080 

5106 

5106 

5226 

5320 

Hot. 

Hot. 

iJ.«  trunk. 

Hor. 

H.  trunk. 

H.  geared. 

Hor. 

Hor. 

Hor. 

H.  trunk. 

2 

X                  a 

2 

2 

2 

2 

2 

4 

2 

H 

71            »=  70-75 

71 

70*75 

93*87 

76x25 

76*125 

5225 

»82 

3 

3                   3*5 

3 

3*5 

4*5 

3*5 

3*5 

3 

4 

53 

595 

54 

63-5 

60*58 

29-5 

4575 

5675 

53 

43*5 

20 

20 

20 

20 

20 

15 

20 

20 

16 

20 

4=0 

SCO 

6co 

500 

600 

700 

600 

6co 

6co 

800 

151-4 

17304         I95^'7 

20O2'5 

1 

19485 

1979 

1273*8 

24238 

1531 

1427 

x; 

28 

18 

18 

18 

18 

1816 

1816 

17 

»9 

£1 

20 

*5    . 

»975 

21-83 

16*25 

26*16 

26-16 

24 

28 

roj 

3 

3'i6 

3 

3*33 

2-8 1 

3'o8 

3-08 

3 

^'^c 

13-41 

i»-57 

12*25 

14-42 

1333 

11-92 

12-83 

12-83 

n 

ii-i6 

51 

59-5       1     54 

635 

60-58 

66*6 

45*75 

5675 

5a 

43*5 

9> 

10-933 

lO'I 

10*897 

10-717 

xo'i5 

9-072 

10874 

9*5 

9*'45 

13-979 

11-738 

12*251 

12-371 

13048 

10-675 

11*809 

14*648 

12-310 

12*014 

IS9I 

200*I 

i45» 

178-4 

179*9 

173*8 

157*3 

168-6 

1633 

No.  5- 

laght 
breeze. 

No.  2  to 
No.  3. 

No.  4  to 
No.  5. 

No.  4. 

No.  4. 

No.  4- 

Light. 

No.  4. 

Modemt< 

B  Smooth. 



Smooth. 

swell. 

■ 

i 

1 

• 

*  Half-boiler  power. 
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ftCFOKT— 1867. 


Table  VI.— MEN. 


Groups  of  a  Speed 


Subgroups  of  Displacement. 


Name  of  Teasel. 


Length*oD  waterline,  in  feet    , 

Breadth  (extreme),  in  feel  , 

Tonnage,  builder's  meaaarement 

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section;  sq.  ft. .. 
Displacement,- in  tons  of  35  cubic  feet  


Engines. 


Description 

Number  of  cylinders    

Diameter  of  cylinders,  in  iucbes 

Length  of  stroke,  in  feet 

Number  of  revolutions,  p?r  minute 

Weight  per  sq.  in.  on  .safety •Tal?e,  in  lbs 

Nominal  horse-power  

Indicated  horse-power 


Propellkr. 


Diameter,  in  feet  

Pitch,  in  feet 

Length  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet  .... 
Number  of  revolutions,  per  minute    . 

Speed  of  ship,  in  knots  per  hour 

Speed  of  propeller,  in  knots  per  hour. 
Speed'  X  Dt|-r indicated  horse-power. 


Wind 


t^ea 

Reference  to  Reports 


Between 


C. 

Between  250  and  500  tons. 


Cygnet 


145*08 
2542 
42S 

914 
168 

393 


Steady. 


Hor. 

2 

3a 

1*5 
xio 

21 

80 

354'» 


9 

12*01 

197 
496 

no 

11-233 
13-032 
214-7 

No.  2. 


1862. 


>45 

a5'33 

425  ^ 

9*33 

173 

407 


Hor. 

2 

3* 

106 

20 

80 
360-4 


9 
12-33 

2 

4*5 
ic6 

11053 

12*896 

205*8 


1862. 


Penguin. 


14$ 

*5*33 

4*5 

9*37 

"74 
410 


Hot. 

2 

3* 

«5 

107 

20 

80 

3646 


9 

i2'33 

2 

4*5 

107 

11*078 
13-017 
205 -8 


1862. 


Arrow. 


160 

a5-33 

477 
10*83 

209 

586 


Hor. 

2 

4» 

'•75 

93 
20 

160 
594 


11*04 

»3 

i"3o 

457 

93 
II 

XX '926 


1862. 


Fox- 
bound. 


180 

a«'33 
670 

9-17 

194 

60X 


2 
6 


Hor. 

s 

4* 
2*16 

94 
20 

200 
599*5 


2< 

T 


IX 

'5 

*'54 

3 

94 
11*6 

1 3*908 

185-4 


1862. 
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(Gkoff  4) . 


»5 


D. 

500  and 


1000  toziB. 


Between  xooo  and  2000  tons. 


ferpmt       fiUr. 


21-33        *<*33 

I  695 
54*  9"6» 

hx  657 


z 


r.-3 


j:^ 


Hor. 

z 

45 

2 

X02 

20 

2CX> 
89x3 


I! 

Ji 

16? 

165 

isi 

a-42 

!''" 

39a 

Kx 

102. 

II   c6 

if-i 

l^r;2i 

16-601 

r:r5 

115-3 

Cormo- 
rant. 


1862. 


185 

a8-33 
695 

io'i6 

718 


2 

45. 

X" 
722-8 


JX 

16-5 

2*46 

4-42 

85 

1II55 

13834 

»54 
No.  2. 


1862. 


Sparrow- 
hawk. 


x8o 

28-33 
670 

1083 
240 
781 


Hor. 

2 
4215 

2*16 
92 
20 

2CO 
7256 


IX 

X4-25 

258 

4*33 

11065 
12*932 


No.  2  to 
No.  3. 

x362. 


Assn- 
ranoe. 


180 

2833 
670 

10-83 
240 
781 


Hor. 

2 

45 

2 

87 

20 

200 

744 


Felioan. 


X85 

33«6 
950 

11*89 

279 
920 


Hor. 

2 

45 

2 

«975 
20 

200 
75«*5 


II 

12 

16 

14*13 

a*5 

2*42 

425 

4-67 

87 

8975 

11142 

11-666 

>373' 

11-514 

198 
Calm. 

?jilin. 

1S62. 

1S62. 

Boebuok. 


Pioneer. 


Scout. 


200 

30x6 
85X 

io*49 
246 

935 


Hor. 

2 

55 

»'5 

95-833 
20 

350 
1277*9 


XX '08 
20*42 

3 

4-42 

95833 
11144 

19-300 

103*6 

No.  4  to 
No.  5. 

1862. 


100 

3033 
868 

10*91 

262 

loio 


Hor. 

2 

55 

82 
20 

350 
XI 50 


IX 

20*5 

3 

5 
82 

xi-332 

16-582 


No.  6  on 
the  beam. 

1862. 


200 


f>'33 
1462 

»4*37 
399 
1478 


H.  trunk. 

2 
«58-ix 

3»5 
66 

20 

400 

1421*6 


15-94 
23-5 

3 

516 
66 
11*6 
15-299 

142-5 


1862. 


Pelorus. 


100 

40*33 
1462 

14*83 

4"7 
*55« 


Hor. 

2 

64 
3 

57 
20 

400 

1437-6 


]6 

26 

3 
6*25 

57 
11-93 

X4*6i9 

158*7 

Light 

breeze. 

Smooth. 

1862. 
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TaB£! 


Qroupa  of  a  Speed 


Subgroups  of  DiBplaoement. 


Name  of  Teasel 


BetweeQ 


E. 

Between  looo  and  2000  tons. 


Gio. 


Length  on  waterline,  in  feet 

Breadth  (extreme),  in  feet  .., 

Tonnafi«,  Builder*a  measurement    

Mean  draft  of  water,  in  feet    

Area  of  immersed  midshin  section,  eq.  ft. 
Displacement,  in  tons  of  o5  cubio  feet  ... 


Enqikeb. 


Besoription 

Number  of  cylinders 

Diameter  of  cylinders,  in  inches     

Length  of  stroke,  in  feet 

Number  of  rcTolutions,  per  minute    ......... 

Weight  per  sq.  in.  on  safety-Talve,  in  lbs.... 

Nominal  horse-power  

Lidicated  horse-power     


2CO 

40-33 
1462 

14-87 
419 
1565 


Cha- 
rybdis. 


200 

4033 
1462 

1492 

421 

1572 


Orpheus. 


225 

40*67 
1702 
15-25 

443 
1672 


Fbopklleb. 


Diameter,  in  feet  

Fitch,  in  feet     

Length  in  line  of  shaft 

Immersion  of  lower  ledge,  in  feet  .... 
Niunber  of  revolutions,  per  minute  . 
Speed  of  ship,  in  knots  per  liour  .... 
Speed  of  propeller,  in  knots  per  heur. 
Speed'  X  I)tJ  -7-  indicated  horse-power 


Hor. 

2 

64 

3 

57-83 
20 

400 

15392 


Wind 
Bea  ••• 


Remarks    

Reference  to  Reports 


16 
26 

3 
6 

57-83 
11*96 

14-831 

1498 


Hor. 

2 

615 

20 

400 

1580*6 


Orestes. 


BaroBsa.!  Ci 


225 
40-67 
1702 

15-49 

453 
1720 


16 

26 

3 
483 

615 

ii*75» 

X5773 
138-8 


Hor. 

2 

20 
4CO 
1445-2 


225 
40-67 

1702 

15-83 
466 

1780 


16 

a3 
381 
6-x6 

65 
12-449 

H*747 
i88'i 


Hor. 

2 
6075 

3 

65 
20 

400 

1521*6 


16 

»3 
3-81 

6-c8 

65 
12*265 

14-747 
174*1 

No.  5. 


^or. 

2 

64 

3 
66 

20 

400 

1798*2 


20 

A 

I4« 
I 

53 
id 


=5 

5 
2 

40 

141 


16 
24 

3 

6*57 
66 

11-92 
15-625 

138-3 


I 

2 


5 
I 

I 

16 


No.  2  to ,  X< 

No.  3.   !  Sm 
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fctttutmtd,) 


z^  kaaii 

L 

P. 

Between  2000  and  4000  tons. 

Pacoop, 

Jason. 

PcrscTe- 
rance. 

Urgent. 

Forte. 

Transit. 

Seyem. 

Phoebe. 

Melpo- 
mene. 

Emerald. 

aaS 

272*58 

27r9o 

2X2 

300 

a40'5 

H0-5 

a37 

237 

1     4-33 

40-67 

38-5 

38-54 

5o-c8 

41-5 

50 

51-5 

5» 

5» 

Z4J63 

170X 

1967 

1981 

2364 

2522 

2712 

2848 

2852 

2852 

xt-37 

18-5 

I8-C4 

18-37 

'774 

18 

18-57 

'7-95 

18-53 

18*91 

55* 

575'5 

500-5 

513 

550 

528*5 

536 

573 

568 

586 

2(^2 

1294 

2»99 

2370 

2370 

2628 

2638 

2700 

2741 

2835 

Hot. 

Hor 

Hor.  T. 

Hor. 

Hor. 

Hor.  T. 

Hor. 

Hor. 

Hor.  T. 

Hor. 

z 

2 

2 

2 

2 

2 

2 

2 

2 

2 

^ 

64 

=  55 

64 

64 

=58*5 

66 

65 

=70*75 

76 

■       3 

3 

3 

3 

3 

3*25 

35 

3 

3'5 

3.5 

ss-^ 

54  5 

57-5 

59*»5 

56-33 

5675 

67*166 

62 

59 

54 

'      21 

ao 

16 

15 

20 

'5 

20 

20 

20 

20 

400            J 

400 

360 

400 

400 

400 

500 

500 

600 

600 

:65i-i 

1 

«549» 

911*8 

12x6*8 

1538-9 

1234-3 

1977-6 

1779-9 

2171-4 

2060-9 

1 

t 

16 

i6'o6 

J7 

»7 

17 

x8 

18 

18*04 

x8 

26 

26 

a  1*97 

12-33 

22-5 

2425 

20 

22 

25-02 

28 

3 

3"57 

3-02 

3'5 

3 

3 

3 

3-25 

333 

3*5 

9         ! 

9-67 

85 

9*42 

T^ 

9 

8-67 

7*5 

7-08 

7-83 

SS-66    I 

54' 5 

57*5 

59'a5 

56-33 

5675 

67*166 

62 

59 

54 

11-416 

11-632 

11-297 

11-996 

1 1*485 

11-909 

12*132 

11*9 

12*436 

12 

15-C46 

13*977 

12*460 

12858 

12-503 

ir57S 

'315' 

'3455 

14*562 

14*915 

152-1 

1 76*7 

a75'4 

250*1 

'75 

260*6 

172-4 

185-6 

'73'5 

168 

CaIhi. 

No-  4- 

Calm. 

No.  2. 

No.  4. 

No.  4. 

;no.  4. 

No.  3. 

ifa^coth. 

Smooth. 

Mod. 

1 

swell. 

1 

•  I  •  •  •  • 

BBPOKT— 1867. 


j^Kpy  mw  vt  VvffUevDtnt . . 


Topaze.    London.   Sodniy.    Kdam. 


\  iwtiN  n  •"—"""  ■"  f-^  

lhl».Jh>twtwi»P).  mfw*  

I'^M^Mk  BHiMer'a  mnBurament   

«,M>MI«f  »>[«>'' '"'"t    

IfwitrftaraWMd  midship  (eotioD.  eq.  tl 
,  in  lorn  of  ii5  cubic  fret   , 


I 


tVMviption  

Nuubrtr  of  cjlindfwfl    

IHunrter  of  ojlinders.  in  incbra. . , 
loM«th  oTntrole.  tr  '"' 


1966 

750 


Hot. 

7f87S 
1 

6075 

Soo 


71-666 

joo 
ai4S-6 


FROrELLBH. 

nfeet  


Punicler,  ii: 

«lpli.inf(wt     

Iituxth  JD  line  of  shnf>      

Imiiienion  of  lower  ledge,  in  feet  

Smnbor  of  reToIulions,  per  minute    .... 

!<)i(«d  of  ahip,  in  knots  per  hoar    

Speed  of  propellor.  in  knots  p^r  hoor 
SpeitfxDti-J-indicatedliorBB-power    , 

Wind 


No.  s  to 

No.  6. 
Ciineid- 
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*  i^^^^^99^^^^^^9^^'9  M 


il^axAa. 


^4cootaDS. 


Bc^   I 


Waterloo.  I  Hood. 


.  "7 
5129 


ITor. 

2 

.J 
20 


2x8*10 

55*33 

2845 

20*79 
807 
3440 


138 

5575 

|3*3»    . 
ao-58 

697 

13470 


Algiers. 


400 
1491 


Hor. 

7» 

3 
62 

20 

500 

I  18899 


21 8*57 
60 

3347 
21*07 
819 
3562 


Hor.  T. 

2 
7075 

35 
62 

20 

6co 

23853 


ij-oS 

^-54 
3 

5« 

I1-031 

12-314 


1^0.  3  to 
Sa  5- 


18 

20 

375 
10-33 

62 

11*329 

]2'23l 

175*3 

Ko.  2  to 
19o.  j. 


x8 

13 
3-16 

942 

62 

1 1752 

14*066 

156 

No.  3. 

Smooth. 


Hor. 

2 
76*125 

3*5 
57*66 

20 

600 

1518*4 


18*12 
26-08 

3 
10*83 

57*66 

X2-191 

14*835 
167*8 

No.  5. 

Slight 
ware. 


BaodiABte. 


Immor- 
tality. 


235 

50 
2651 

21 

750 

3631 


Hor. 

2 
76 

3*5 

55 
20 

600 

2490*1 


251 

52*08 
3059 
21-45 
717 
3638 


Hor. 

2 
76 

3*5 

55 
20 

600 

2392 


19-33 

19*42 

2579 

»5*5 

3*25 

339 

io*33 

9-5 

55 

55      ^ 

12*074 

12*538 

13-993 

13-834 

167 

197 

No.  2  to 
No.  3, 


No.  2  to 
No.  3. 


Doris.     Himalaya. 


240 

48 
2479 

20*49 
732 

3714 


Hor.  T. 

2 
=82 

4 

5371 

20 

800 
3«>5 


340*42 
4614 

3453 
18-83 

652 
3*57 


Hor.  T. 

2 
=  78 

35 

55 
12 

700 

1830 


20*08 
30 
4*20 

975 

537* 
12-158 

15-894  [ 
»43-4 

No.  1  to 
No.  2. 


x8o8 
28 

475 
9.91 

55 
12-5 

15*191 

262*5 

Lit.  breeze. 
Smooth. 


Diadem. 


240 

4« 

H79 
20*54 

763 
3880 


Hor. 

1 
82 

4 

56-33 

20 

Soo 
2978*5 


18 

33'4i 

3'57 
10*42 

5633 

12*001 
18*568 

»43-4 
Calm. 
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Tabub  VI 


Groups  of  a  Speed 


Subgroups  of  Displacement. 


Name  of  Vessel 


Length  on  waterline,  in  feet    

Breaidth  (extreme),  in  feet  

Tonnage,  builder's  measurement     

Mean  draft  of  water,  in  feet    

Area  of  immersed  midship  section,  sq.  ft. 
Displacconent,  in  tons  of  35  cubic  feet  ... 


Engikes. 


Description    

Number  of  cylinders 

Diameter  of  cylinders,  in  inches 

LengUi  of  stroke,  in  feet 

Number  of  revolutions,  per  minute  

Weight  per  sq.  in.  on  Bafety-yalye,  in  lbs. ... 

Nominal  horse-power  

Indicated  horse-power 


4 

From  I] 


a. 

Between  400G 


Royal 

Soyereign. 


Pbopelleb. 


Diameter,  in  feet 

Pitch,  in  feet 

Length  in  line  of  shafl 

Immersion  of  lower  ledge,  in  feet  .... 

Number  of  revolutions,  per  minute    . 
Speed  of  ship,  in  knots  per  hour....... 

Speed  of  propeller,  in  knots  per  hour. 
Speed'  X  Dtf  -r  indicated  horse-power. 


Wind 
Sea... 


Bemarks 


Beferenoe  to  Beports 


240-5 
6o- 

3759 
20-54 

802 

4023 


Hor. 

2 
82 

4 

54 
20 

800 
*795 


19*12 

27'5» 

3-59 
908 

54 
12-253 

14659 

1 66*4 

No.  2. 


Qihraltar. 


252 

58 

3716 

20-25 
832 
4120 


Hor. 

2 
82 

4 

59 
20 

800 

3504-8 


Prince  of 
Wales. 


252 
60*16 

3994 
20*42 
800 
4170 


»9 

a7-5 

433 
10 

X2-48 

16*005 

142-5 

Light 

breeze. 

Smooth. 


Hor.Tr. 

2 

«82 

4 

57*4 
20 

800 
335* 


19*08 
29-27 

3*97 
xo-16 

57*4 

12*569 

16-573 

'53*5 
Calm. 


Anson. 


»4fr'75 

55*33 

33*7    ^ 

20*1 6 

856 
4190 


a30"»5 
^    5533 

22*42 

977 
4614 


Hor. 

2 
82 

4 

59 

20 

800 
3582*6 


19 

27*5 

4-16 

767 

59 
12-984 

16-005 
1587 

No.  2  to 

No.  3. 

Smooth. 


Edgar. 


Hor. 

2 
76 

35 
54-83 
20 

6co 
^74*5 


18 

a5'5 
3*C4 

io-i6 

54-8 

11-371 

13-792 

1647 

nil 
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((m&tued,) 


toijknoUi 

Btd  Sooo  tons. 

> 

- 

Hero. 

Howe*. 

Donegal 

■ 
St  Jean 
d'Acre. 

Beyenge. 

Sonown. 

Mersej. 

Marl- 
borough. 

»34'a5 

a6o 

240 

238 

a4475 

a44-75 

300 

a45-5 

I    55*33 

61 

55-33 

55*33 

55*33 

55*33 

5» 

61*20 

31*7 

4236 

J224 

3200 

3318 

3318 

37*7 

4000 

22*70 

ai'6a 

23*16 

24-25 

14 

a4*33 

22-57 

26*25 

993 

949 

1004 

1067 

1065 

1082 

917 

11-89 

1 

4765 

4770 

4960 

5340 

5446 

55*20 

5678 

6035 

1 

Hor. 

Hor.  Tr. 

Hor.Tr. 

Hor.  Tr. 

Hor. 

Hor.Tr. 

Hor. 

Hor. 

2 

2 

2 

2 

2 

2 

2 

2 

76 

=92-5 

=82 

=70*75 

82 

=82 

92 

82 

P 

4 

4 

3*5 

4 

4 

4 

4 

56 

45-75 

5»*5 

61 

54*5 

•  56*5 

57*66 

54-66 

10 

20 

20 

20 

.    20 

20 

20 

20 

600 

1000 

800 

600 

800 

800 

800 

800 

i66z*i 

2186-7 

2832*3 

2136 

3028*2 

3182*6 

3877-8 

30543 

1% 

20 

19 

18 

19 

• 

»9 

20 

»9 

ar5 

28 

28 

21*67 

*5 

28 

29-42 

27*25 

35 

45 

3-5 

3*5 

3*5 

3*5 

4*»5 

3*6i 

11-67 

9*5 

II 

13-25 

1167 

12 

XI  •41 

H'5 

56 

4575 

5^-5 

61 

54*5 

565 

57-66 

54*66 

11-35 

ii-i6i 

11*912 

11199 

11-53 

11*815 

12*796 

11*217 

14-086 

12*636 

14*500 

13*037. 

13-440 

15-605 

16*728 

14*692 

'55-5 

i8o'2 

173*6 

158-6 

i6i'9 

172 

153-2 

Li^U 

No.  3  to 

Calm. 

No.  I. 

No.  6  to 

No.  2. 

No.  2  to 

breeze. 

No.  4. 

No.  7. 

No.  3. 

Smooth. 

1         •»•■•• 

Smooth. 

•••••• 

Smooth. 

*  Half-boiler  power. 
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Table  VII.— MEN-OF- 


Groups  of  a  Speed    

Sul^groups  of  Displacement 

Names  of  Yesflels 

tiotigth  between  the  perpendiculars   

Breadth  (extreme)    

Tonnaee 

Mean  draft  of  water 

Area  of  immersed 

Disphioement 

Ergiites. 

Description    

Number  of  cylinders 

Diameter  of  cylinders  

Length  of  stroke 

Number  of  rerolutions,  |jer  minute 

Weight  per  square  inch  on  safety-yalve 

Nominal  horse-power  

Indicated  horse-power 

PaOPELLEB. 

Description    T 

Diameter    

Pitch  

Length  .^ 

Immersion  of  centre  at  taial    

Number  of  reyolutions 

Speed  of  ship,  in  knots 

Speed  of  propeller,  in  knots 

Speed'  X  n}  -7-  indicated  horse-power 

Wind 

Sea 

Remarks 


Newcastle. 


250 

5» 

30*7 
l7'*o 

581 

2655 


Horiaontal. 

2 

76 

3*5 
6o'i66 

10 

600 

2451-1 


18 
26 

3*57 
8-67 

60*166 

13*287 

15*431 
1833 

No.  3. 


5. 

Between  13 


P. 

Between  siooo 


Sutlcj. 


*54'5 

5i«7 
3065 

1870 
530 
1760 


Hori2ontiil. 

2 
66 

35 

70-5 

20 

500 

132  3 -8 


1808 

20*42 

3*i6 

8*oi 

70*5 

13067 
14*198 

i88'9 
Calm. 
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WAE  (Gboitp  5). 


tsA  15  knots. 

a. 

tzd4aootonR. 

Between  4000  and  8oco  toni. 

1 

1 

Duncan. 

Ariadne. 

Howe. 

Orlando. 

1 

M475 

aSj 

s8o 

260 

300 

55*33 

58 

50 

61 

5» 

33'7 

3716 

3214 

4236 

3727 

19-37 

19-83 

21-33 

21'6l 

21-87 

810 

808 

771 

949 

880 

ISAO 

3985 

4426 

4770 

5416 

Horizontal. 

Horiz.  trunk. 

Horizontal. 

Horiz.  trunk. 

Horiz.  trunk. 

2 

2 

2 

2 

2 

ga 

=  82 

82-06 

925 

92-5 

4 

4 

367 

4 

4 

60-333 

55 

6r6 

57-375 

50 

10 

20 

20 

20 

20 

800 

800 

800 

1000 

zooo 

373«-5 

1 

3217-5 

Conunon,  3  blades. 
19*08 

3350-3 

45*3-8 

36x6-6 

'9      . 

20 

20 

20 

*7-5 

27-83 

25 

28 

3i*5 

416 

3*5 

3*5 

4*5 

4*5 

1          808 

8*92 

10-57 

9-25 

10-25 

60-333 

55 

6r6 

57*375 

50 

13022 

13-289 

13-087 

13-565 

13*001 

16-366 

15-000 

15191 

15-847 

16*019 

147-6 

% 

183-3 

180-3 

156-4 

187-4 

^0.  5. 

Calm. 

No.  2. 

No.  3  to  No.  4. 

Light  breeze. 

Smooth. 

Smooth. 

. 

- 
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Table  Vm.— MEN-OF-WAK  of 


Lengtbf  in  feet 

Breadth,  in  feet ". 

Mean  draft  of  water,  in  feet    

Area  of  immersed  section,  in  square  feet 
Displacement,  in  tons  


Engines. 


Gbouf  1.    Under  7  knots. 


Description    

Number  of  cylinders    

Diameter  of  cylinders,  in  inches .... 

Length  of  stroke,  in  feet 

Number  of  reyolutions,  per  minute 
Speed  of  piston,  in  feet  per  minute 

Nominal  norse-power  , 

Indicated  horse-power , 

Total  weight  of  engines,  in  tons  ..... 


Propeller. 


} 


Description   

Diameter   

Pitch 

Length  in  line  of  shaft 

Number  gf  blades 

Depth  of  immersion  from  top  of  blade  to 

surface  of  water 

Boss,  in  feet 

Weight  of  screw,  in  tons 

Speed  of  ship,  in  knots  per  hour 

No.  of  reyolutions  of  propeller,  per  minute.. 

Boilers. 

Pressure  of  steam  in  boiler,  lbs.  on  the  sq.'  in. 

Description    

Length,  in  feet  

Breadth,  in  feet 

Height,  in  feet  

Steam-room,  in  cubic  feet    

Water-room,  in  cubic  feet   

Number  of  furnaces 

Grate  surface,  in  square  feet    

Total  heating  surface,  in  square  foct  

Number  of  lK>ilers 

Weight  of  boilers,  total,  in  tons 

Weight  of  waler  in  boilers,  in  tons    


St.  George. 


2o6*5 

5546 
24-85 

IOI2*4 

4559 


Horizontal. 

2 

3 
/.6 

276 

500 

Z123 

"5 


18 
20 

3 


5*46 

375X1-83 
6-6 

4*5 


17 
Tubular. 

i5'5 

"'33 
1 1 -08 

1996 

2170 

20 

337*5 
94495 
4 
128 


Colossus. 


194-33 
5642 

12*32 

911 

3785 


Hor.  trunk. 
2 
58-25 

3*»5 

53 

344*5 
400 

1020 

70 


17*12 

18*46 

1*89 

a 

5*22 

3-16X2 
695 

6 


20 
Tubular. 

]2*o8 

11*75 
11-67 

1288 

1680 
12 

'S3 
6644 

4 
90 


Group  2.  7  to 


Chesapeake. 


207 

50 
21*93 

758 
3402 


Horizontal. 

a 
64 

3 


400 
897 

93 


'7 
22*5 

3 

a 

2*79 

3X1-75 
6-55. 

7*2 


Tubular. 
13  08 
11*5 
11*5 
1568 
2100 
16 
277 

7387 

4 
112 
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riiich  the  particulars  of  Boilers  are  g^ven. 


i        9falOtB. 

Gro7?  3.    9  to  II  knots. 

BoDfinA. 

Senown. 
Half-boiler. 

Lee. 

Leyen. 

Algerine. 

Slanej. 

io6 

a4475 

115 

115 

125 

115 

221 

55*33 

»3 

a3 

a3 

8-08 

6-75 

13-67 

8*o8 

8-15 

8-12 

,      '3» 

1050 

150-5 

»54'5 

151-5 

150-5 

266 

5310 

367 

378 

370 

367 

£p.doaKtnink. 

H.doali.aotixig. 

Hor.  H.  Pr. 

Hor.  H.  P. 

Hor.  H.  P. 

Hor.  H.  P. 

2 

1 

1 

1 

2 

2 

21*91 

89*5  &  36 

18 

18 

18 

18 

X 

4 

»-5 

l'^ 

»*5 

1*5 

m 

435 

154 

156 

158 

'55 

388 

34a 

461 

468 

474 

465 

1     ^ 

800 

80 

80 

80 

80 

Hi-4« 

1429 

303-6 

199-5 

293-9 

199-8 

6-25 

163 

6-05 

6-05 

6*05 

6-05 

Qfiffidw. 

"'e-s" 

.. 

,.._.. 

6 

«9 

''6.5" 

7-67 

rs7 

iS 

7-67 

767 

767 

106 

3*5 

1 

2 

4 

1 

1 

1 

crot 

1-83 

0*61 

I'20 

0-87 

1-04 

'•^7X175 

rsx* 

i'i6x*75 

i-i6x-75 

1-16x0-75 

1*16X0-75 

0-30 

10-75 

0*612 

0-611 

0*611 

0-612 

«"534 

9145 

9*170 

9170 

15J 

9-350 

^9* 

43*5 

»54 

156 

»55 

60 

10 

60 

60 

60 

60 

QrLtahoUr. 

Com.  tabular. 

CyL  tubular. 

CjV  tubular. 

CyL  tabular. 

CjL  tabular. 

1367 

13-67 

16-25 

16-15 

16-15 

16-15 

433 

11*15 

13 
3561 

4-67 

467 

467 
131 

4-67 
••••■*••• 
131 

127"" 

131 

'31 

360-5 

3780 

446 

446 

446 

446 

3 

14 

3 

3 

3 

3 

1        3375 

5^ 

33 

33 

33 

33 

1096-15 

14854 

1517 

1517 

1517 

1517 

3 

6 

3 

3 

3 

3 

MS 

i79-« 

14-25 

14*25 

14*15 

14-15 

10-3 

108 

11-75 

12-75 

11-75 

1175 

1867. 
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TABLE  Vm 


Lengih,  in  feet • 

Brewlth,  in  feet 

Mean  draft  of  watefi  in  feet    

Area  of  immersed  section,  in  square  feet  ... 
Displacement,  in  tons  , 

Engines. 

Betcription  

Number  of  cylinders    

Diameter  of  cylinders,  in  inches 

Length  of  stroke,  in  feet * 

Number  of  rerolutions  per  minute...* 

Speed  of  piston,  in  feet  per  minute 

Nominal  norse-power 

Indicated  horse-power... 

Total  weight  of  engines,  in  tons 

Pbopellbr. 

Description  .,....» .m«* 

Diameter  ...., « 

Pitch 

Length  in  line  of  shaft. ..> ....tMt 

Number  of  blades 

Depth  of  immersion  from  top  of  blade  to  1 
surface  of  water    j 

Boss,  in  feet  ., • 

Weight  of  screw,  in  tons • 

Speed  of  ship,  in  knots  per  hour 

No.  of  revolutions  of  propeller  per  minute. . 

BOILSBB. 

Pressure  of  steam  in  boUer,  lbs.  on  the  sq.  in. 

Description  

Length,  in  feet ...., • 

Breadth,  in  feet 

Height,  in  feet 

Steam-room,  in  cubic  feet 

Water-room,  in  cubic  feet 

Number  of  fiimaoes 

Orate  surface,  in  square  feet 

Total  heating  sur&ce,  in  square  feet  ....... 

Number  of  boilers 

Weight  of  boilers,  total,  in  tons 

Weight  of  water  in  boilers,  in  tons    ^ 


Group 4,     xi  t 


Marlborough, 


01 'ao 
a6*24 

Z169 

6035 


Horlcontal. 

a 
8a 

4 
54-66 

437*33 
800 

3054'»6 
160 


Maudsley. 

«9 
ayiS 

3*^1 

a 

475 

8'83X» 
la 

II'217 

54'^6 


Com.  tubular. 
i3'9a 

1175 

.    1333 
2700*8 

3920 

14 

544 
1 51668 

6 

aix-8 

112*0 


FlTingflsh. 


100 

30*33 
11*42 

226 
1033 


Horisontftl. 

a 

S8'5 
2*25 

79 

355*4 
350 

z  049-68 
49 


Common. 
13*16 
19*96 

3*oi 

a 

0*08 

3X1-5 

385 
11*536 

79 


i9'5 
Hi^  &  low  tnb. 

10*25 

xo 

II 
1528 
1365 

18 

247 
7005 
6 
76-6 

39 


Senown. 


»44'TS 

55*33 
a3*67 

1050 

53x0 


H,  doub.  •oting, 
a 
89*5  &  36 

4 
54S 

436 
800 

2754-64. 

163 


II 


3*5 

a 

1-83 

35  X  a 
10-75 
11-4.3 

54$ 


ao 

Com.  tabular. 
13-67 

356a 

3780 

44 

1^ 
H854 

6 

179» 

108 
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(c&i^mued,) 


13  knots. 

Group  5.    i; 

■ — 

\  to  15  khota. 

I>iadem. 

Doris. 

Orlando. 

Mersey. 

140 

240 

300 

300 

4« 

48 

5* 

5* 

vy6f 

10-49 

21*79 

»r|7 

76« 

732 

$76 

865 

39ig 

1 
1 

3716 

5456 

5308 

'  HonamtaL 

H.  doub.  aciiDg. 

H.  doub.  acting. 

H.  doub.  acting. 

1        2 

2 

2 

a 

ti 

*9*5  A  36 

too&  38 

9» 

4 

4 

4 

4 

55-»S 

5371 

53 

55'»5 

'    i^ 

429-68 
800 

424 

442 

800 

1000 

1000 

i6l5-Q4 

300903 

3992 

404^ 

160 

1 6a 

194 

200 

Orifflihg. 

OrifflthB. 

iS 

ao'08 

20 

20 

13*08 

30 

29*75 

29-42 

4-20 

4*5 

4*25 

2 

% 

2 

2 

ns 

0*29 

0 

0*16 

3*75X5 

10-2O 

3*67  X  500 
11-38 

3-83X2*25 
12 

>3 

IIS99 

iri58 

13*16 

13*290 

S5»j 

5371 

53 

55»5 

1 

20'6 

19*67 

20 

Com.  tabular. 

Com.  tubular* 
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On  the  Meteorology  of  Port  Louis  in  the  Island  of  Mauritius. 

By  Charles  Meldrum^  M,A. 

[A  oommunication  ordered  to  be  printed  in  extensoJ] 

MAxminiTS  lies  nearly  between  the  parallels  of  2(P  and  21°  S.  latitude  and 
the  meridians  of  57^  and  58°  E.  longitude.  With  the  exception  of  the  small 
islands  of  B^union,  Eodrigues,  and  the  Gargados,  which  are  from  100  to  300 
miles  distant,  the  nearest  land  is  Madagascar,  about  500  miles  due  west. 
The  nearest  point  of  Africa  is  about  1100  miles  W.  b.  N.,  and  of  India  aboat 
2000  miles  N.E.  b.  N.  Towards  the  E.N.E.,  E.,  and  E.8.E.,  are  the  Indian 
archipelago  and  Australia,  at  distances  of  2600  to  3400  miles ;  while  to  the 
southward  an  almost  unbroken  ocean  stretches  away  to  the  polar  seas. 

Thus  surrounded  by  a  great  expanse  of  ocean,  especially  to  windward, 
Mauritius  maybe  regarded  as  a  locality  in  which  the  meteorological  elements 
may  be  determined  in  a  form  comparatively  free  from  the  complications 
caused  by  neighbouring  masses  of  land. 

The  island  itself,  which  is  of  volcanic  origin,  has  an  area  of  700  square 
miles,  and  is  of  an  oval  form.  Its  greatest  length  is  39  miles,  and  its 
greatest  breadth  34  miles.  Nearly  one- third  of  it  is  under  the  cultivation 
of  the  sugar-cane,  the  other  two-thirds  consisting  chiefly  of  pasturage, 
forest,  and  mountain.  In  the  interior,  and  more  or  less  surrounded  by  three 
chains  of  mountains,  varying  from  1000  to  nearly  3000  feet  in  height,  and 
sending  off  spurs  towards  the  coast,  is  a  tableland,  which  attains  an  eleva- 
tion of  800  to  1400  feet,  and  a  considerable  portion  of  which  has  of  late 
years  been  planted  with  the  sugar-cane,  the  primeval  forests  having,  to  a 
great  extent,  been  cut  down  for  the  purpose.  Between  these  mountain- 
chains  and  the  shore,  particularly  in  the  northern  parts  of  the  island,  are 
plains  generally  covered  with  sugar-cane,  and  gentiy  sloping  to  the  sea, 
above  which  they  are  but  little  elevated.  For  beauty  and  variety  of  scenery, 
for  bold  mountains,  generally  clothed  halfway  up  their  steep  sides  with  ever- 
green trees  and  shrubs,  and  rearing  their  naked  heads  against  skies  of  the 
softest  blue,  for  rugged  precipices,  fantastic  knolls,  peaks,  and  ridges,  for 
tangled  forests,  deep  ravines  and  caverns,  picturesque  waterfalls,  shady  groves, 
and  rich  fertile  plains  and  valleys,  this  little  island  is  perhaps  unsurpassed. 

The  Observatory  is  situated  on  the  west  side  of  the  harbour  of  Port  Louis, 
on  the  north-west  coast  of  the  island,  in  20°  9'  56"  S.,  and  57°  29'  30"  E. 
It  stands  upon  a  coral-rock.  From  "W.8.W.  to  E.N.E.,  through  the  east,  it 
is  surrounded  by  a  chain  of  mountains  rising  to  the  height  of  700  to  2707 
feet.  As  these  mountains  bear  in  the  direction  from  which  the  prevailing 
wind  blows,  and  are  only  from  a  quarter  of  a  mile  to  a  mile  and  a  half  dis- 
tant, the  position  of  the  Observatory  is  not  very  favourable. 

The  observations  which  form  the  basis  of  this  communication  embrace  a 
period  of  seven  years,  namely  1860  to  1866  inclusive. 

There  are  two  classes  of  observations, — 1st,  observations  taken  daily  at 
3|  A.M.,  9|  A.H.,  3|  P.M.,  and  9|  p.m.  ;  and,  2nd,  observations  taken  hourly 
on  the  21st  of  each  month. 

The  former  are  referred  to  as  the  six-hourly  observations,  and  the  latter  as 
the  term-day  ohservatioiis. 

As  the  principal  use  of  the  term-day  observations  is  for  determining  the 
epochs  of  the  turning-points  and  the  range  of  the  meteorological  elements 
in  their  diurnal  march,  they  are  not,  like  the  six-hourly  observations,  dis- 
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cissed  for  file  whole  period,  but  for  such  portions  of  it  as  have  been  deemed 
scfideot  for  the  object  in  view. 

The  instrmnents  axe  by  Newman,  I^egretti  and  Zambra,  and  Casella,  and 
hje  htm  compared  with  the  Greenwich  and  Kew  standards.  The  barometer, 
tk  mbe  of  which  has  an  interior  diameter  of  '564  inch,  is,  with  the  thermo- 
seterg,  30  feet  above  the  sea-level.  The  rain-gauge  and  solar  thermometers 
m  40  feet  above  the  ground,  and  the  vane  of  Osier's  anemometer  10  feet 
liore  ^  highest  point  of  the  building. 

From  1852  to  1859  a  similar  series  of  observations  was  taken  by  the 
Sojal  Engineers,  in  a  tower  about  400  yards  west  of  the  Observatory ;  so 
that  the  two  series  embrace  a  period  of  14  years.  I  confine  myself  to  the 
KMnd  series  (1860—66),  taken  under  my  own  direction.  The  results  are 
^en  in  42  Tables,  to  which  I  beg  to  prefix  a  few  remarks,  intended  to 
^t  attaition  to  some  of  the  more  salient  features.  I  begin  with  the 
tanperatore. 

I.  Tempebatuke. 

Divmal  Variation, — ^The  last  line  but  one  in  Table  I.  exhibits  the  mean 
tonperatare  of  the  air  at  3|  a.k.,  9||  a.m.,  d|  p.m.,  and  9^  p.m.  The  means 
for  these  hours  are  75°-60,  77°-59,  78*'-99,  and  76*^-36,  respectively,  which 
gnres  a  mean  daily  temperature  of  77°*11.  The  last  line  shows  the  excess 
or  defect  of  the  mean  for  each  observation  hour  on  the  mean  (77°'ll)  of 
the  10j220  observations  taken  during  the  whole  period  of  seven  years. 

Ab  the  intervals  between  the  observation  hours  are  considerable,  it  is  neces- 
saiy,  in  order  to  obtain  more  complete  information  regarding  the  diurnal 
fflirch  of  the  temperature,  to  have  recourse  to  the  hourly  observations  taken 
oa  the  term-days.  The  results  of  these,  for  a  period  of  four  years,  are  pre- 
sated  in  Table  II.,  in  which  the  last  column  but  one  gives  the  mean  tem- 
perature for  each  hour,  commencing  with  6  a.m.  Wo  perceive  that  there  is 
t  single  progression,  having  one  ascending  and  one  descending  branch,  the 
temperature  gradually  increasing  from  75°*55  at  6  a.m.  to  79°*43  at  1  p.m., 
^d  then  decreasing  till  6  a.m.  This  progression,  it  need  scarcely  be 
'^oarked,  is  dependent  on  the  earth's  rotation  on  its  axis  with  regard  to  the 
^-  In  the  last  colunm  is  presented  the  amount  by  which  the  mean  for 
^  konr  falls  short  of  (— ),  or  exceeds  (+),  the  mean  for  the  24  hours 
(T?-14).  We  see  that  Ihere  are  nine  hours,  namely,  10  a.m.  to  6  p.m. 
iBdostve^  during  which  the  temperature  is  above  the  mean  for  the  day,  and 
^ftem  hours  during  which  it  is  below  the  mean.  The  range  is  3°*88.  The 
SiB&teBt  increase  in  any  two  hours  takes  place  between  9  and  11  a.m.,  and 
^^^wonts  to  1°-81,  and  the  greatest  fall  in  any  two  hours  from  3  to  5  p.m., 
iiid  amounts  to  1°.  The  mean  temperature  for  the  day  occurs  very  nearly 
at  9  A.1I.  and  7  p.m. 

On  inspecting  the  other  columns,  which  give  the  diurnal  variation  for 
^h  month,  it  may  be  seen  that,  though  the  minimum  generally  occurs  at 
|>  A.1C.,  and  the  maximum  at  1  p.m.,  the  epochs  of  the  turning-points  vary  a 
little  with  the  season. 

Comparing  Tables  I.  and  II.,  we  find  that  the  mean  daily  temperature  is 
^^^  identical  in  both,  being  77°-ll  in  the  one,  and  77°*14  in  the  other, 
^twithstanding  the  fewness  of  the  observations  in  the  latter  case. 

^mUtt  Dhimal  Mange, — ^Table  ELI.  shows  the  greatest  range  of  tem- 
P^ture,  on  any  one  day,  in  each  month,  obtained  from  daily  observations  of 
tfie  maximum  and  minimum  thermometers  for  five  years  (1862-1866).  It 
^  be  Been  that  the  greatest  range  on  any  one  day  during  that  period  was 
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18^,  in  March  1866,  and  the  least  of  the  extreme  diurnal  ranges  6''*4,  ii 
October  and  November  1862,  and  that  the  greatest  variations  of  temperatun 
take  place  during  the  summer  months,  namely,  from  November  to  May. 

Least  Diurnal  Eange. — The  least  range  of  temperature,  on  any  one  day 
during  the  same  five  years,  was  1^*4  in  June  1866,  and  tiie  greatest  of  th< 
least  diurnal  ranges  6°  in  January  1865,  as  appears  from  Table  lY.,  whici 
likewise  shows  that  the  summer  months  are  subject  to  greater  fluotuationi 
of  temperature  than  the  winter  months. 

Mean  Diurnal  Range. — Table  Y.,  in  which  the  mean  diurnal  range  foi 
each  month  is  given,  shows  that  tiiie  mean  diurnal  range  for  the  year  \\ 
6°'60,  and  that  &e  greatest  fluctuations  occur  in  the  summer  months. 

Awnvtal  Variation.-^-ThQ  annual  march  of  the  temperature,  derived  fron 
the  daily  six-hourly  observations  for  seven  years,  is  exhibited  in  the  lasi 
column  but  one  of  Table  YI.  like  the  diurnal  march  it  is  a  simple  progres- 
sion, having  one  ascending  and  one  descending  branch.  The  least  meai 
monthly  temperature  is  7P'95  for  July,  and  the  greatest  81°-72  for  January 
From  July  to  January  the  temperature  increases,  and  firom  January  to  Jul} 
it  decreases*  This  progression,  as  is  well  known,  depends  on  the  motion  oi 
the  earth  in  its  orbit.  The  epochs  of  highest  and  lowest  temperature,  how- 
ever, do  not  coincide  with  those  of  the  sun's  highest  and  lowest  meridional 
altitudes,  but  occur  at  later  periods,  the  maximum  temperature  about  the 
4th  of  February,  and  the  minimum  about  the  7th  of  August.  The  last 
column  shows  the  amount  of  variation,  or  the  excess  and  defect  of  the  mean 
temperature  (77°*  11)  on  the  monthly  means.  During  the  six  summei 
months  the  tonperature  is  above,  and  during  the  six  winter  months  below^ 
the  mean  temperature,  the  epochs  of  which  are  the  7th  of  May  and  the  5th 
ef  November. 

For  the  sake  of  oomparison,  1  have  given  in  Table  YII.  the  mean  monthly 
temperature  obtained  by  taking  the  mean  of  the  daily  readings  of  the  maxi- 
mum and  minimum  thermometers.  The  mean  annual  temperature  thus 
derived  is  77**80,  or  0*69  higher  than  that  given  by  the  six-honrly  obecr- 
vations. 

Temperatwre  in  the  Sun*8  Bays, — ^Table  YIII.  shows  the  mean  monthly 
maximum  temperature  in  the  sun's  rays,  obtained  by  daily  observation  of  u 
black  bulb  thermometer  inclosed  in  an  exhausted  tube,  exposed  at  an  eleva- 
tion of  40  feet  above  the  ground,  and  protected,  as  far  as  possible,  from  local 
]*adiation.  The  results,  which,  as  measures  of  solar  radiation,  are,  of  oouree, 
subject  to  the  usual  objections,  present  a  progression  sinular  to  that  of  the 
temperature  in  the  shade,  the  greatest  mean  monthly  maximum  being  117^*6 
for  January,  and  the  least  101°*2  for  July, — the  progression  being  harmo- 
nious, except  that  the  temperature  in  February  is  somewhat  lower  than  in 
March,  owing  probably  to  the  former  month  being  cloudier  than  the  latter. 

Extreme  Monthly  Eange. — ^Table  IX.  shows  the  maximum  and  minimiua 
temperature  and  Uie  extreme  range  of  temperature  for  each  month,  and 
their  monthly  and  yearly  means.  The  greatest  range  in  any  one  month  was 
18°  in  November  1864,  and  the  least  6°-4  in  October  1862.  The  greatest' 
fluctuations  ooeut  in  the  warmest  months. 

Secular  VatiaHon.-^ThQ  last  line  in  Table  YI»  shows  that  the  tempera- 
ture  has  varied  little,  it  being  for  four  years  out  of  the  seven  almost  the  same, 
and  the  greatest  difference  between  any  two  years  being  only  0^'95, 

A  similar  remark  applies  to  the  numbers  in  the  last  line  in  Table  Vll.^ 
showing  tile  mMul  Aantxal  temperatttre  aa  derived  from  the  self-r^giitenog 
thermometers! 
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Thfl  laat  line  in  Table  Yin.  shomm  that  the  temperature  in  the  sun's  rays 
vu  caMidfliid[>ly  greater  in  1860  than  in  any  other  year,  and  that,  upon  the 
wiiflle,  it  deoieaaed  till  1864,  and  has  been  increasing  sinoe  that  year. 

Ejetrau  Anmud  Range, — ^The  extreme  annual  range  of  temperature  for 
td/^  year  is  given  in  Table  X.,  containing  the  highest  and  lowest  readings 
d  the  self-registering  thermometers,  and  the  epochs  of  ooourrenoe.  The 
si^n  annual  range  is  22^*52. 

n.  Elasxio  Fobcb  op  Tafovb. 

"Hie  preesore  of  the  atmosphere,  as  measured  by  the  barometer,  is  the 
fXMiibined  preaaores  of  the  dry  air  and  the  aqueous  vapour  suspended  in  it ; 
and  many  are  of  opinion  that,  by  meana  of  simultaneous  observations  of  the 
krometer  and  dry  and  wet  thermometers,  the  two  pressures  may  be  sepa- 
rated and  exhibited  apart. 

Dhunwi  Variation. — The  last  line  but  one  in  Table  XI.  gives  the  diurnal 
sttidi  of  the  vapouTrpressure  in  inches  of  mercury,  as  deduced  by  Glaishcr's 
Tables  from  the  six-hourly  observations  of  the  dry  and  wot  thermometers. 
We  perceive  that  the  pressure  is  greatest  (*658)  at  the  warmest  observation 
bur  (3^  p^.)»  ^^^  ^^^^  ('646^  at  the  coldest  hour  (3|  a.m.),  which  is  what 
Touid  be  expected,  since  the  capacity  of  air  for  vapour  is  directly  as  the 
tanperatnre.     The  last  line  shows  the  amount  of  variation,  which  ia  slight. 

like  Last  two  columns  in  Table  XII.  exhibit  the  mean  vapour-pressure  for 
each  hour  of  the  day,  and  its  deviation  from  the  daily  mean,  obtained  from 
the  houily  term-day  observations  for  four  years  (1863-66).  Here  we  have 
complete  evidenoe  of  a  direct  harmony  between  the  diurnal  march  of  the 
^pour-presauxe  and  that  of  the  temperature,  the  hours  of  the  greatest  vapour- 
pressure  ooinciding  with  those  of  the  greatest  temperature,  and  vice  verad.  We 
Bee  that  the  march  of  the  vapour-pressure,  though  a  little  irregular,  is  like  the 
maidiof  the  temperature,  a  single  progression,  haviag  two  branches,  the  one, 
upon  the  whole,  ascending  from  4  am.,  when  the  pressure  is  least  ('621),  to 
I  P.M.,  when  it  is  greatest  ('646),  and  the  other  descending  from  2  p.m.  to 
4 1.1L  Between  6  and  8  a.m.,  as  the  heat  increases,  the  pressure  takes  a  start 
upvsrds,  and  from  8  a.ic.  to  3  v.u.  it  is  nearly  stationary.  From  3  to  4  p.m., 
a^  the  heat  declines,  the  vapour-pressure  also  declines,  and  again  continues 
nearly  uniform  till  2  a.x.,  between  which  hour  and  4  a.k.  it  ftdls  once  more. 
From  8  a.x.  to  5  p.x.  it  u  above  the  mean  for  the  day,  and  from  6  p.k.  to 
b  AM.  below  it,  attaining  its  mean  value  about  7  a.x.  and  6  p.k. 

Annual  Variation. — ^The  last  two  columns  in  Table  Xlll.  give  the  annual 
lAudi  of  the  vapour-pressure,  and  the  amount  of  its  deviation  from  the 
annual  mean,  derived  from  the  six-hourly  observations.  Here  also  we  have, 
npoa  the  whole,  a  single  progression.  The  vapour-pressure  attains  its  maxi- 
mam  ('767)  in  February,  and  its  minimum  ('560)  in  July.  From  February  to 
July  it  deoreases,  and  from  July  to  February  it  increases,  except  in  September, 
vlieu  it  is  less  than  in  August, — Aug^t,  as  we  shall  presently  see,  being  a 
QODth  in  wbich  not  only  the  vapour-pressure,  but  also  the  humidity,  rain- 
Mi,  and  doud  are  greater  than  in  the  months  immediately  preceding  and 
follomog  it,  tiiese  elements  showing  a  tendency  to  a  small  second  maximum, 
l^nrmg  the  six  summer  months  the  vapour-pressure  exceeds  the  mean  for 
t^e  year  {'652),  and  during  the  six  winter  months  it  falls  short  of  it.  There 
is  tjuis  a  connexion  between  the  annual  variation  of  tho  vapour-pressure 
ttd  that  of  the  temperature  of  a  kind  similar  to  that  between  the  diurnal 

^tions  of  the  same  elements,  the  progressions  being  in  the  same  direc- 

^1  and  the  turning-points  nearly  coincident. 
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JBaeirenu  MmMy  Range* — ^Fiom  Table  XIY.,  which  gives  the  maximum 
and  minimum  vaponr-piesfiiire  and  the  range  for  each  month,  t<^ther  with 
their  monthly  means,  it  will  be  seen  that  the  greatest  range  in  any  one 
month  was  *384  in  March  1864,  and  the  least  '149  in  May  1863  and  Septem- 
ber 1864,  and  that  Januaiy  to  May  induslTe  are  the  months  snbject  to 
the  greatest  fluctuation. 

Secular  Variation. — ^An  examination  of  the  last  two  lines  in  Table  XIII. 
will  show  that,  upon  the  whole,  the  vapour-pressure  has  been  decreasing  since 
1860.  This  becomes  more  evident  when  we  take  the  means  of  the  results 
for  every  two  consecutive  years.  The  mean  pressure  for  1866  was  *033 
below  the  mean  for  the  seven  years,  and  -061  below  the  mean  for  1860. 
Looking  at  the  columns  which  give  the  monthly  means  in  each  year,  we  find 
that  the  greatest  mean  monthly  pressure  was  '792  in  February  1860,  and 
the  least  -498  in  July  1866. 

ExtrnfM  Anntud  Bange, — ^Table  XV.  gives  the  greatest  and  least  vapour- 
pressure  and  the  range  for  each  year,  with  the  dates.  The  mean  annual 
range  is  *494  inch. 

ni.  Htthiditt. 

The  degree  of  humidity  is  the  ratio  of  the  amount  of  vapour  contained  in 
the  air  to  the  amount  it  would  contain  if  saturated  with  vapour.  Hence,  if 
complete  saturation  be  denoted  by  100,  and  complete  dryness  by  0,  tho 
degree  of  humidity  at  any  temperature  will  be  obtained  by  multiplying  the 
actual  tension  of  vapour  at  that  temperature  by  100,  and  dividing  the 
product  by  the  tension  required  for  complete  saturation  at  the  same  tem- 
perature. 

Diurnal  Variation, — ^Table  XYI.  gives  the  diurnal  variation  of  the  rela- 
tive humidity,  so  far  as  it  can  be  directly  determined  by  six-hourly  observa- 
tions. An  inspection  of  the  last  line  but  one  will  show  that  the  humidity  is 
least  (67*3)  at  the  warmest  observation  hour  (3^  P.1C.),  and  greatest  (73*7) 
at  the  coldest  observation  hour  (Si  a.m.),  and  that  at  the  other  hours  it  has 
intermediate  values.  The  mean  rdative  humidity  is  70*9,  or,  complete  satu- 
ration being  100,  nearly  71  hundredths. 

Table  XYIII.,  in  which  the  hourly  means  of  the  relative  humidity,  and 
their  deviation  from  the  daily  mean,  are  given,  as  obtained  from  four  years' 
term-day  observations,  shows  that  the  diurnal  march,  like  that  of  the  tem- 
perature and  vapour-pressure,  is  a  single  progression,  with  two  branches 
and  two  turning-points.  In  this  case,  however,  the  march  is  in  a  contrary 
direction,  the  greatest  humidity  occurring  at  the  coldest  hours  of  the  day, 
and  the  least  at  the  warmest.  Thus,  the  least  humidity  (63*6)  occurs  at 
1  P.M.,  from  which  hour  till  2  a.m.  it  increases  to  69*9.  It  then  remains 
nearly  stationary  till  8  a.m.,  showing,  however,  a  tendency  to  a  second 
minimum  at  4  a.m.  From  8  a.h.  to  1  p.m.  it  decreases.  From  9  a.h.  to 
7  P.M.  it  is  below  the  mean  for  the  day,  and  during  the  other  hours  above 
it,  attaining  its  mean  daily  value  about  9  a.x.  and  7  p.m. 

Annual  Variation. — ^The  annual  march  of  the  relative  himiidity,  and  its 
variation,  are  shown  in  the  last  two  columns  of  Table  XViU.  Here  we  see 
that  February  is  the  most  humid  month,  and  November  the  driest,  the 
mean  for  the  former  being  74*7,  and  for  the  latter  68*1.  From  Febniaiy 
to  June  the  humidity  decreases ;  from  June  to  August  it  increases ;  from 
August  to  November  it  decreases  again,  and  from  November  to  February 
increases.    There  are  thus  two  maxima  and  two  minima,  the  February 
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suzimnm,  however,  being  considerably  greater  than  the  Aogost  maximum^ 
and  the  NoTember  minimum  considerably  less  than  the  June  minimum. 

We  have  seen  that  the  diurnal  march  of  the  humidity  corresponds  with 
tkat  of  the  temperature  in  an  inverse  sense,  the  coldest  hours  being  the 
moistest,  and  the  wannest  hours  the  driest.  Such  jb  not  the  case  wi^  the 
umoal  march,  for  the  most  humid  months  are  the  warmest:  This  seems  to 
wse  from  the  greater  length  of  time  that  the  high  temperature  prevails  in 
the  one  case  than  in  the  other.  From  August  (which  is  nearly  the  coldest 
month)  to  November,  the  humidity  goes  on  decreasing  with  an  increasing 
temperature,  the  relation  between  the  two  elements  in  their  annual  march 
\m^  here  analogous  to  that  between  them  in  their  diurnal  march ;  but  it 
Tould  appear  that  by  December  the  vapour  has  accumulated  so  much  that, 
notwithstanding  the  increasing  temperature,  the  humidity,  instead  of  de- 
eretdog  further,  begins  to  increase,  and  it  goes  on  increasing  tUl  February. 
Owing  to  the  excess  of  accumulated  vapour,  time  is  now  required  to  restore 
the  two  elements  to  their  normal  relation ;  and  although  the  temperature 
decreases,  the  humidity  does  not  increase  but  decreases,  the  evaporation  from 
the  sorrounding  ocean  becoming  less  active ;  and  it  is  not  till  June  that  the 
humidity  begins  to  increase  with  a  decreasing  temperature.  In  August  the 
temperature  commences  to  rise,  and  then  the  humidity  decreases  with  the 
increasing  temperature  till  November  or  December,  when  the  overpowering 
effect  of  evaporation  again  causes  the  himiidity  to  increase  with  the  tem- 
perature. 

Extreme  MoniUy  Range, — Table  XIX.  gives  the  highest  and  lowest 
hmnidity  and  the  extreme  range  for  each  month*  The  greatest  range  for 
any  one  month  was  38*7  in  January  1860,  and  the  least  17*5  in  November 
1S66.  January,  February,  March,  and  August  are  the  months  in  which 
the  greatest  fluctuations  occur. 

^tcdar  Variation.— The  last  two  lines  in  Table  XVIII.  show  that  1860 
▼as  the  most  humid  year  (73*6),  and  1866  the  driest  (66*4)  ;  and  that,  upon 
the  whole,  the  humidity,  like  the  vapour-pressure,  has  been  decreasing  since 
HO.  The  most  humid  month  during  the  seven  years  was  August  1860 
(77-8),  and  the  driest  November  1866  (57*0),  when  a  severe  drought  pre- 
vailed. 

Extreme  Annval  Range, — Table  XX.  shows  the  maximum  and  minimum 
relatiTe  humidity,  the  epochs,  and  range  for  each  year.  The  mean  annual 
range  is  41-5. 

rV.  Atmospheric  Pressure. 

Diurnal  Variation, — Table  XXI.  exhibits  the  mean  pressure  of  the  atmo- 
^hoe  for  each  of  the  hours  S^  a.m.,  9||  a.m.,  3||  p.m.,  and  9^  p.m.  ;  and 
whether  we  regard  the  monthly  results,  or  the  yearly  results,  for  those 
burs,  we  find  two  maxima  and  two  minima,  the  maxima  occurring  at  9^ 
AX  and  P.M.,  and  the  minima  at  3^  a.m.  and  p.m.  From  the  last  line  but 
03e  it  appears  that  from  3||  a.m.  to  9^  a.m.  the  barometer  rises  from  30*038 
I  to  3()-086  inches,  which  gives  a  range  of  '048  inch ;  from  9j^  a.m.  to  SJ^  p.m. 
it  falk  from  30-086  to  30015,  that  is,  to  the  extent  of  -071 ;  from  3|  p.m. 
t«  ^  P.M.  it  rises  fit)m  30-015  to  30085,  or  to  the  extent  of  -070 ;  and 
^  ^  P.M.  to  3i  A.M.  it  falls  to  the  extent  of  -047. 

But  in  order  to  know  with  certainty  whether  the  march  is  a  double  progres- 
^on,  and,  if  so,  what  are  the  epochs  of  the  turning-points,  we  must  examine 
^  tenn-day  obserrations.  The  results  of  these  for  four  years  are  pre- 
"^ted  in  Table  XXU.     The  last  two  colmnns  exhibit  the  mean  atmospheric 
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pressure  for  each  hour  of  the  day,  and  its  deviation  from  the  mean  of  all 
the  observations.  Beginning  with  9  a.m.,  we  find  that  for  that  hour  the 
mean  height  of  the  barometer  is  30*090  inches.  It  then  gradually  £cdls  to 
30*017  at  3  P.M.,  from  which  hour  it  ascends  till  10  p.m.,  when  it  stands  at 
30*086.  It  again  gradually  falls  to  30*037  at  4  a.m.,  £rom  which  hour  it 
again  rises  till  9  a.m.  We  thus  see  that  the  diurnal  march  of  the  atmo- 
spheric pressure  is  a  double  progression  with  four  turning-points,  namely, 
two  maxima  at  9  a.m.  and  10  p.m.,  and  two  minima  at  4  a.m.  and  3  p.m. 

This  diurnal  oscillation  of  the  atmospheric  pressure  at  Mauritius,  as  at 
other  tropical  stations,  is  extremely  systematic  and  regular.  Its  amount, 
and  the  epochs  of  its  turning-points,  vary  a  little  according  to  the  time  of 
year,  as  may  bo  seen  from  the  Table ;  but,  except  on  very  rare  occasions,  as 
on  the  13th  of  January  1863,  when  the  centre  of  a  revolving  storm  was  pas- 
sing near  the  Observatory,  it  makes  its  appearance  unerringly  in  all  kinds  of 
weather.  Several  theories  have  been  framed  with  the  view  of  explaining  it, 
but  none  of  them  has  met  with  entire  acceptance. 

Annual  Variation. — In  the  last  two  columns  of  Table  XXIII.  we  have 
the  annual  march  of  the  atmospheric  pressure,  and  the  monthly  deviation 
from  the  mean  for  the  year.  We  perceive  tiiat  the  mean  pressure  for 
February  is  29*843  inches,  that  from  February  to  August  it  gradually  in- 
creases to  30*193,  and  then  gradually  decreases  till  February,  and  that  thus 
the  progression  is  single,  having  one  maximum  and  one  minimum.  The 
annual  march  of  this  element,  therefore,  is  in  a  contrary  direction  to  that  of 
the  temperature,  the  maximum  of  the  one  corresponding  nearly,  but  not 
exactly,  with  the  minimum  of  the  other,  and  vice  versd,  tiie  turning-points 
of  the  atmospheric  pressure  occurring  later  than  those  of  the  temperature. 
From  December  to  April  inclusive,  the  barometer  is  below  its  mean  for  the 
year  (30*056),  and  during  the  other  months  above  it,  the  epochs  of  the  mean 
being  about  the  11th  of  May  and  the  9th  of  November. 

Extreme  Monthly  Range, — Table  XXIV.  gives  the  maximum  and  minimum 
pressure  and  the  range  for  each  month,  with  their  means.  The  greatest  range 
in  any  one  month  was  0*977  inch  in  February  1861,  and  the  least  '170  inch 
in  December  1860.  December,  January,  February,  March,  and  June  are  the 
months  in  which  the  greatest  fluctuations  occur. 

Comparing  the  mean  monthly  oscillation  of  the  atmospheric  pressure  given 
in  this  Table  with  that  of  the  vapour-pressure  in  Table  XIV.,  we  find  that, 
if  the  oscillations  of  the  vapour-pressure  affect  the  barometer  to  their  fuU 
extent,  the  barometric  oscillations  depend  more  upon  those  of  the  vapour- 
pressure  than  of  the  dry  pressure. 

Secular  Variation, — On  looking  over  the  last  line  in  Table  XXIII.,  show- 
ing the  annual  means,  we  find  that  since  1861  the  atmospheric  pressure  has 
been  increasing.  The  lowest  annual  mean  is  30*032  for  that  year,  and  the 
highest  30*081  for  1864  and  1866,  which  gives  a  range  of  -049  inch,  an 
amount  no  doubt  mainly  due  to  the  disturbing  effect  of  hurricanes.  Owing 
to  the  great  prevalence  of  hurricane  weather  in  February  1861,  for  ex- 
ample, the  mean  for  that  month  (29*665)  is  less  than  it  would  otherwiso 
have  been,  and  consequently  that  for  the  year. 

Extreme  Annual  Range, — Table  XXV.  gives  the  greatest  and  least  pres- 
sure, the  epochs,  and  range  for  each  year.  The  mean  annual  range  is  0*91  S 
inch,  while  that  of  the  vapour-pressure  (Table  XV.)  is  0*494  inch. 

V.  Pressitbe  op  the  Dry  Air. 
The  phenomenon  of  the  double  maximum  and  minimum^  exhibited  by  the 
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diamiliuaroh  of  the  total  atmoapherio  pressure,  has  reeeived  from  M.  Dore, 
aod,  after  him,  from  General  Babine,  Bir  John  Herschel,  and  others,  an  6x«- 
plasato  fbnnded  on  the  supposed  effect  of  one  of  the  constituents  of  the  total 
prntn,  namely,  the  aqueous  pressure.  Assuming  that  observationB  of  the 
wet  and  dry  thermometers  enable  us  to  determine  the  whole  pressure  of  the 
npoar  in  .the  atmosphere,  and  finding  in  many  instances  that  when  the 
T^QT-premire  thus  obtained  is  deducted  frt)m  the  total  pressure,  the  march 
ef  the  residual  dry  pressure  presents  a  single  progression,  having  one  maxi- 
mum and  one  minimum,  corresponding  with  the  coldest  and  hottest  hours, 
h  liu  been  inferred  that  the  double  maximum  and  minimum  of  the  total 
pnuore  is  owing  to  the  march  of  the  vapour-pressure  being  contrary  to 
that  of  the  gaseous  pressure,  an  increase  of  temperature  causing  an  increase 
of  Tapoor-pressure,  but  a  decrease  of  dry  pressure,  and  vice  versd* 
Let  UB  see  whether  this  view  wiU  afford  an  explanation  of  the  double 
naxmnua  and  minimum  of  the  total  pressure  at  Mauritius. 

Diwnd  Vari4jUi(m, — In  Table  XXXVIII.  will  be  found  the  total  atmo- 
^krio  pressure,  the  vapour-pressure,  and  the  dry  pressure  for  each  hour, 
derived  from  the  term-day  observations  |  and  it  will  be  seen  that  the  dry 
prefisure  does  not  present  a  single  progression,  but,  like  the  total  pressure,  a 
well-marked  double  progression,  having  two  maxima  at  9  a.m.  and  10  P.V., 
snd  two  minima  at  3  p.m.  and  3  A.v. 

The  hourly  observations  from  which  these  results  have  been  deduced  were 
not  niunerous,  but  there  is  little  doubt  that  more  extensive  observation 
would  have  led  to  the  same  conclusion ;  for  the  six-hourly  observations, 
oteDding  over  a  period  of  seven  years,  also  give  a  double  maximum  and 
minhnimi  for  the  dry  pressure,  as  will  appear  from  an  inspection  of  Table 
XXXVII.,  which  shows  that  the  dry  presstire  has  a  maximum  at  9J  a.m. 
and  P.M.,  and  a  minimum  at  8|  a.m.  and  p.m.,  just  like  the  total  pressure. 

y^e  are  thus  led  to  conclude  that,  if  the  observations  of  the  dry  and  wet 
tfa^rmometers  afford  the  means  of  determining  the  vapour-pressure,  the 
ps^TiB  pressure  at  Mauritius  has  a  progression  in  every  respect  similar  to 
Aat  of  the  total  atmospheric  pressure,  and  therefore  that  the  phenomenon 
in  qaestion  cannot  be  accounted  for  by  the  direct  action  of  the  vapour- 
pressure. 

A  similar  progression  of  the  dry  pressure  at  Bombay  has  been  referred  to 
the  relations  which  arise  from  the  juxtaposition  of  land  and  sea,  causing 
land  and  sea  breezes.  At  Mauritius,  surrounded  on  all  sides  by  the  Indian 
<J(tan,  the  double  progression  of  the  dry  pressure  occurs  in  all  kinds  of 
weather,  and  from  whatever  quarter  the  wind  may  come,  and  is  most  marked 
on  those  days  when  the  trade- wind  blows  steadily;  and  hence  it  is  presu- 
siable  that  it  occurs  at  sea,  away  from  the  influence  of  land. 

Annual  Variation, — At  many  extratroplcal  stations,  the  annual  variation 
^  the  total  pressure  shows  little  trace  of  periodicity,  but  when  the  vapour- 
pressure  is  deducted,  the  dry  pressure  is  found  to  have  a  progression  in 
mveree  harmony  with  that  of  the  temperature.  On  examining  Table 
XXXIX.,  ^it  will  be  seen  that  at  Mauritius  the  annual  march  of  the  dry 
Pfessure  is  exactly  like  that  of  the  total  pressure,  and  that  both  have  appa- 
^atly  the  same  relation  to  the  temperature. 

VI.  DiREOTioir  AND  YEBBiNe  OP  Tna  Wind. 

Table  XXVI.  shows  the  number  of  times  the  wind  blew  ftt>m  the  principal 
IKHuts  of  the  compass.    The  observations  were  taken  four  times  a  day  dur^g 
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£ve  years,  and  their  number  therefore  was  7300,  of  which  1076  were  foi 
calms,  and  98  for  variables,  leaving  6126  for  the  direction  of  the  wind.  The 
distribution  of  this  latter  number  for  the  four  quarters  of  the  horizon  was  as 
follows :  from  north  to  east  (not  including  east)  683,  from  east  to  south  (not 
including  south)  4740,  from  south  to  west  (not  including  west)  158,  and 
from  west  to  north  (not  including  north)  545, — showing  that  the  number  ol 
times  the  wind  came  from  the  points  between  east  and  south  was  nearly  four 
times  as  great  as  the  number  of  times  it  came  from  the  remaining  three 
quarters  together.  From  east  to  S.£.  inclusive,  the  number  of  observations 
was  4286,  which  is  more  than  two-thirds  of  the  total  number  of  observations. 
This  shows  the  great  preponderance  of  the  trade-wind,  which  prevails 
throughout  the  whole  year,  but  is  strongest  and  steadiest  from  May  to  No- 
vember, and  more  especially  in  June,  July,  and  August. 

The  wind  veers  almost  always  with  the  sun,  or  from  S.E.  through  east  to 
north,  N.W.,  &c.,  decreasing  in  force  as  it  veers.  It  often  remains  steady  at 
E.S.E.  for  a  week  or  ten  days.  After  it  passes  N.E.,  calms  and  variables 
with  light  north-westerly  and  westerly  breezes,  and  close  sultry  weather  pre- 
vail for  two  or  three  days.  The  trade- wind  then  reappears  at  S.S.E.  A  similar 
revolution  sometimes  takes  place  in  the  course  of  a  day.  The  wind  seldom 
veers  in  the  opposite  direction ;  but  it  always  does  so  during  the  passage  of  a 
revolving  storm  on  the  east  side  of  the  island. 

Vn.  EoBCE  OP  THE  Wind. 

Diurnal  Variation, — As  Osier's  anemometer  is  not  affected  by  light  breezes, 
the  force  of  the  wind  at  the  observation  hours  has  usnaJly  been  estimated. 
Table  XXVll.  gives  the  mean  estimated  force  derived  from  the  six-hourly 
observations.  The  results  are  but  approximations;  for,  independently  of 
other  sources  of  error,  the  site  of  the  Observatory  is  not  favourable  for  de- 
termining the  true  force  and  direction  of  the  wind,  even  with  the  most  ap- 
proved instruments.  Still,  the  observations  indicate  that  the  force  varies 
directly  as  the  temperature,  the  greatest  pressure  occurring  at  the  warmest 
hours. 

The  last  column  in  Table  XXXYlll.  gives  the  mean  estimated  force  for 
each  hour  derived  from  the  term-day  observations.  Here  likewise,  notwith- 
standing the  fewness  of  the  observations,  we  see  a  general  agreement  between 
the  variations  of  the  force  of  the  wind  and  the  temperature. 

Annual  Variation, — Table  XXYIII.  gives  the  mean  estimated  force.  Ja- 
nuary, Eebruary,  and  March  are  the  months  in  which  the  wind  is  strongest 
at  the  observation  hours,  and  next  to  them  June,  July,  and  August.  In  the 
former  months  hurricanes  occur,  and  in  the  latter  the  S.£.  trade-wind  blovrs 
in  full  force.  From  February  to  May  the  wind  decreases ;  in  June,  July,  and 
August  it  is  high ;  from  August  to  November  it  decreases,  and  from  Novem« 
ber  to  February  it  increases.  There  is  thus  an  indication  of  a  double  pro- 
gression. 

Mean  Monthly  Maximum  Force, — ^Table  XXIX.  shows  the  mean  maximum 
force  of  the  wind  for  each  month,  as  recorded  by  Osier's  anemometer,  with- 
out regard  to  the  hour  of  the  day.  We  find  that,  notwithstanding  the  severe 
hurricanes  which  occasionally  occur  in  the  summer  months,  the  mean  maxi- 
mum force  of  the  wind  is  greater  for  June,  July,  and  August  than  for  any 
other  three  months.  We  perceive  also  that  this  Table,  like  the  former,  points 
to  a  double  maximum  and  minimum.  From  November  to  February  the  wind 
increases  with  an  increasing  temperature,  and  from  February  to  April  it  de- 
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(Rises  niik  a  decreajiiiig  temperature.  But  from  April  to  June  it  again  in- 
eRsseswith  a  defsreasing  temperature,  and  stands  high  in  the  latter  month, 
lid  in  July  and  August,  owing  probably  to  the  high  temperature  in  the 
ttsdieni  hemiBphere  causing  an  influx  of  air  (S.W.  monsoon)  towards  the 
bated  regions,  and  thus  exciting  the  S.£.  trade-wind  in  the  southern  hemi- 
^ii£re.    From  August  to  November  the  mean  maximum  force  decreases. 

SovLkt  Variation. — ^The  last  lines  in  Tables  XXYIII.  and  XXIX.  show 
^  I860,  1861,  and  1863  were  the  years  in  which  the  force  of  the  wind 
V39  greatest,  and  we  shall  prestotly  see  that  these  were  the  years  in  which 
bazncaoes  were  most  frequent  and  violent.  The  years  1862  and  1864  were 
Rsiukable  for  an  absence  of  hurricanes,  and  these  were  the  years  in  which 
^  mean  force  of  the  wind  was  least. 

Eetreme  Annual  Farce. — ^Table  XXX.  shows  the  greatest  force  of  the  wind, 
sad  the  epoch,  for  each  year. 

VIII.  Cloud. 

T&bles  XxXT.  and  XXXII.  exhibit  the  mean  amount  of  cloud  for  each  of 
the  four  daily  observation  hours,  each  month  and  each  year.  The  nights 
^  mornings  are  comparatively  doudle^.  Towards  10  a.m.  the  clouds  he- 
lm to  gather,  by  2  p.k.  the  sky  is  often  overcast,  and  in  the  evening  the 
Tether  usually  clears  up.  The  mean  amount  of  cloud  for  the  year  is 
47, 100  denoting  completely  overcast.  February  is  the  cloudiest  and  June 
tke  least  cloudy  montii,  the  means  being  59  and  40  respectively.  The  last 
eolonm  in  Table  XXXU.  points  to  a  connexion  between  the  amount  of  cloud 
and  the  temperature.  From  November  to  February  the  amount  of  cloud  in- 
crease, and  from  February  to  June  it  decreases.  From  June  to  November, 
however,  there  is  a  tendency  to  a  second  progression. 

IX.  Eaikpall. 

Table  XXXIII.  gives  the  amount  of  rainfall  for  each  month  and  year. 
The  greatest  &11  in  any  one  month  during  the  seven  years  was  46-57  inches  in 
Pebruary  1861.  In  September  1861  and  November  1866  there  was  no 
ninfall  sufficient  to  affect  the  gauge.  The  greatest  mean  monthly  fall  is 
14*23  inches  for  February,  and  the  least  0*39  inch  for  September.  From 
September  to  February  the  rainfall  increases ;  from  February  to  June  it  de- 
creases; from  June  to  August  it  increases  again,  and  then  falls  in  September, — 
showing,  upon  the  whole,  a  double  progression,  having  its  maxima  in  Febru- 
tty  and  August,  and  its  minima  in  June  and  September.  The  mean  annual 
M  ]s  37'87  inches,  and  the  mean  monthly  fall  3-16  inches.  The  greatest  fall 
in  any  one  year  was  68'76  inches  in  1861,  and  the  least  20-56  inches  in  1866. 
The  principal  rain-bearing  wind  is  the  trade-wind  from  E.S.E.  to  E.N.E. ; 
bnt  at  times,  during  the  summer  months,  torrents  of  rain  descend  with  north- 
erly and  north-westerly  winds,  and  on  those  occasions  the  moimtains  become 
enyeloped  in  dense  mist.  The  greatest  rainfall  on  any  one  day,  in  each  year, 
with  ^e  date,  is  shown  in  Table  XXXIY. 

There  is  reason  to  fear  that  the  rainfall  is  decreasing :  the  fall  during  the 
first  three  years  was  considerably  greater  than  that  during  the  last  four  years 
of  the  period  of  seven  years. 

In  some  parts  of  the  island  the  rainfall  is  much  greater  than  at  Port  Louis, 
as  will  be  seen  from  Table  XXXY .,  showing  the  rainfall  at  nineteen  stations 
for  periods  ranging  from  two  to  five  years.  Of  these  stations,  Gros  Cailloux 
and  Fort  Louis,  both  on  the  coast,  and  not  many  feet  above  the  sea-level,  are 


US  RBro]iv~1867< 

the  farthest  westi  ftnd  it  is  at  them  that  the  ndi^all  is  leait*  the  mmk  annual 
amount  for  five  yeara  being  28*03  iuckes  at  the  formeri  and  30*24  indhes  at 
the  latter  station,  Mont  Choisy  is  also  <m  the  ^est  ooast  near  the  northern 
extremity  of  the  island^  but  further  east  than  Oros  Cailloux  and  Port  Lom&, 
and  at  it  the  mean  annual  fall  for  the  same  period  was  51*54  inobes.  Borne 
miles  south-eastward  of  Mont  Choisy,  further  from  the  eoasti  and  at  eleyationi 
of  200  to  600  feet,  are  four  other  stationsi  namelyi  Les  Eooherap  jAbourdon- 
nais,  the  Botanical  (hardens,  and  Lucia;  and,  with  the  exoeptaon  of  Les 
Boohers,  where  the  mean  annual  fall  was  50*10  inches,  the  rainfall  at  each 
of  these  stations  was  considerably  greater  than  at  Mont  Choisyi  having  been 
63*62  inches  at  Labourdonnais,  and  67*98  inches  at  Luoia;  while  at  tb« 
Botanical  (jardens,  in  1864  and  1865,  it  was  also  greater  than  at  Mont  Cholsj, 
It  should  here  be  remarked  that  Luoia,  the  station  at  which  the  greatest 
rainfall  occurs  in  that  part  of  the  island,  lies  south-eastward  of  the  othc? 
stations,  and  at  a  higher  elevation.  About  fourteen  miles  due  north  of  Lnda 
is  a  small  island,  called  Mat  Island,  about  five  miles  from  the  mainland. 
Observations  on  the  rainfall  were  taken  there  in  1862  and  1863,  and  it  will 
be  seen  that  the  amounts  for  those  years  were  28*02  and  36*54  inches,  re- 
spectively, or  nearly  the  same  as  at  Port  Louis.  About  seven  miles  B.8.W, 
of  Lucia,  and  at  the  same  distance  E.8.E.  of  Fort  Louis,  is  Esp^rance,  on  the 
central  tableland,  at  an  elevation  of  about  1400  feet.  Here,  in  1865,  the 
rainfall  was  147*74  inches  against  101*56  at  Lucia,  44*73  at  Fort  Louif, 
and  36*57  at  Gros  Cailloux.  Westward  and  south-westward  of  Esp^rance,  at 
distances  of  five  to  eleven  miles,  and  at  elevations  of  900  to  1300  fset,  are  ire 
stations  more,  namely,  Oroft-an-Righ,  Beau  Sgour,  Trianon,  the  Braes,  and 
Mesnil,  at  each  of  which  the  rainfall,  though  more  than  double  what  it  is  at 
Fort  Louis,  is  considerably  less  than  at  Esp^rance.  At  a  distance  of  about 
eight  miles  east  of  Espdrance,  and  about  fbur  miles  from  the  east  coast,  is 
La  Gait^.  Hero  the  rainfall  is  also  less  than  at  Esp^rance,  but  greater  than 
at  the  stations  westward  and  south-westward  of  it  (except  Mesnil,  the  highest 
of  them),  although  these  are  more  elevated  than  La  Gaite.  But  the  rainiest 
station  of  all  is  Gluny,  which  lies  about  eleven  miles  south  of  Esp^ranoe,  and 
sixteen  miles  S.E.  of  Fort  Louis,  at  a  height  of  about  900  feet  above  the  sea, 
and  nearly  surrounded  by  mountains  and  forests.  At  this  station,  in  1805, 
tho  rainfall  was  192*45  inches,  and  the  mean  fall  for  five  years  was  142*80 
inches.  Southward  and  south-eastward  of  Gluny,  nearer  the  coast,  and  at 
lower  elevations,  are  three  more  stations,  namely,  Gros  Bois,  Beau  YaUon,  and 
8t.  Aubin,  at  each  of  which  the  rainfall  is  also  very  considerable,  having,  io 
1865,  been  135*21,  100-85,  and  115*61  inches,  respectively. 

These  observations  illustrate  the  infiuence  of  local  circumstances,  as  eleva- 
tion, direction  of  wind,  mountain,  and  forest  on  the  rainfall  of  a  place.  Thua, 
at  La  Gaite,  near  the  east  coast,  the  rainfall  (in  1865)  was  97*55  inches ;  at 
Esperanoe,  nearly  due  west,  but  at  a  much  higher  elevation,  it  was  147*74 
inches;  at  Croft-an-Bigh,  westward  of  Espdranoe,  and  at  a  lower  lerel 
than  it,  but  at  a  considerably  higher  level  than  La  Gait<$,  the  rainfall  wai 
79*44  inches ;  and  at  Gros  Cailloux*  west  of  Croft-an-Bigh,  on  the  west  coast, 
it  was  only  36*57  inches,  or  not  much  more  than  one-third  the  rainfall  at 
La  Gait^  on  the  east  coast.  These  stations  are  situated  nearly  in  a  line  and 
in  the  direction  of  the  prevailing  wind ;  and  the  greater  fall  at  Espenmce 
than  at  La  Gait^  is  probably  due  to  the  higher  elevation  and  lower  tempera- 
ture of  the  former ;  while  the  greater  fall  at  La  Gait^  than  at  Groft*an-Righ> 
though  the  latter  stands  at  a  lugher  level,  seems  to  be  due  to  tho  situation 
of  La  Gaite  on  that  side  of  the  island  on  which  the  vapour  first  impingi^ 
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m  it  eomM  up  from  the  sea.  Comparing  the  ram&ll  at  Beau  Y alloni  Glunyp 
Beaa  Sejour,  and  Gros  CaillonZy  whioh  Ue  nearly  in  a  &,%  fuid  N.  W •  direQ'* 
tka,  we  find  aunilar  relationB. 

Far  some  years  past  many  parts  of  the  island,  particularly  on  the  western 
lad  northern  ooaats,  have  heeu  suffering  from  drought ;  the  rivers  have  heen 
gidoally  diminishing,  and  the  lakes  and  marshes  in  the  interior  been  drying 
i{k  As  we  have  already  seen,  last  year  (1866)  has  been  the  driest  of  all) 
tknm&ll  in  some  places  having  been  little  more  than  half  the  average  fall, 
Iba  consequence  is  tiiat  this  year's  crop  will  be  very  much  reduced. 

The  evil  which  is  thus  pressing  on  the  colony  is  generally  attributed  to 
tite  extensive  clearings  which  have  been  carried  on  in  all  directions  during 
the  last  fifteen  years.  The  primeval  forests  with  which  this  little  island  was 
itofietime  doUied  have  to  a  great  extent  been  replaced  by  the  sugar-canef 
iod  now  the  cane  languishes  and  dies  for  want  of  moisture.  It  would  be 
otiiCaetoiy  to  those  interested  in  the  welfare  of  Mauritius  to  have  the 
apsma  of  men  of  science  as  to  the  probable  effect  of  the  destruotio]!  of 
im^  on  the  rainfall  and  humidity,  and  1  am  glad  of  having  an  opportunity 
ef  bringing  the  subject  before  the  Association.  Given  a  small  mountainous 
iil&&d  in  the  trade-wind  region,  covered  with  dense  forests,  and  surrounded 
I7  a  tropical  sea :  what  effect,  if  any,  with  respect  to  rainfall  and  humidity^ 
mid  be  produced  by  stripping  that  island  of  its  forests,  and  exposing 
soil  and  rocks  to  the  sun's  rays  ?  It  seems  to  me  that,  whether  the  annuel 
niofall  would  diminish  or  not,  the  air  would  become  drier,  as  the  greater 
portion  of  the  rains  would  be  speedily  carried  away  to  the  sea,  and  tile  re- 
DudniDg  portion  speedily  evaporated.  This  last  year,  however,  shows  a  very 
marked  deoreaae  of  rain,  and  if  the  previous  six  years  do  Hot  so  to  the  same 
attest,  they  show  a  tendency  to  a  recurrence  of  floods  and  droughts — that 
u»  to  a  distorbance  in  the  distribution  of  the  rainfall.  The  humidity  of  the 
air  alio  has,  as  we  have  seen,  been  upon  the  whole  decreasing  at  Port  Louis 
Boee  1860.     In  that  year  it  was  73*6,  while  in  1866  it  was  only  66*4. 

X.  TniTKniR  Ajrn  LxeHnrnre. 

Table  XXXVI.  shows  that  in  the  course  of  the  seven  years  no  lightning  was 
Seen  between  May  and  November,  except  on  one  day  m  August  1864,  Ja- 
auary,  March,  February,  and  April  are  tbe  months  in  which  thunder-storms 
pKvaH;  they  generally  occur  in  the  afternoon,  but  occasionally  at  other 
periods  of  the  day,  or  in  the  night.  Some  are  local,  and  others  travel  over  a 
«»nsiderable  extent  of  ocean.  The  average  number  of  dajrs  per  annum  on 
which  lightning  was  visible  is  26-4.  The  greatest  number  of  days  in  any  one 
jear  on  which  lightning  was  observed  was  40  in  1863,  and  the  least  19  in 

XI.  Gales  akd  HxTBRicAinis. 

Mauritius,  as  is  well  known,  is  subject  to  hurricanes.  The  hurricane 
months  are  December  to  April  inclusive,  but  more  especially  January,  Feb- 
ruary, and  March,  particularly  Pebruary,  Strong  gales  occur  also  in  June, 
Wy,  and  August.  I  will  present  a  few  of  the  leading  facts  connected  with 
the  gales  and  hurricanes  which  took  place  during  the  period  under  review. 

1860. — ^Four  gales  occurred  in  1860.  The  first  took  place  between  the 
11th  and  17th  of  January.  The  barometer  fell  to  29-680  inches.  The  wind 
Peered  from  S.E.  to  S,,  8."W.,  and  W.,  and  attained  a  maximum  pressure 
of  10  lbs.  on  the  square  foot.    The  rainfall  was  7  inches.    This  was  a 
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great  revolying  stormy  the  centre  of  which  passed  on  the  east  side  of  thf 
island,  at  a  nearest  distance  of  129  miles. 

Another  gale  took  place  between  the  22nd  and  27th  of  Eebroary.  The  ba- 
rometer fell  to  29*660.  On  this  occasion  the  wind  veered  from  S.E.  to  E., 
N.,  and  N.W.,  and  had  a  maximum  force  of  9  lbs.  The  rainfall  was  7*45£ 
inches.  This  was  another  revolving  storm,  which,  as  shown  by  the  veering 
of  the  wind,  passed  the  island  on  its  north  and  west  sides.  The  nearest 
distance  of  the  centre  was  220  miles. 

The  next  gale  occurred  between  the  18th  and  27th  of  March.  The  lowest 
reading  of  tie  barometer  was  29*464.  The  wind  veered  from  S.E.  to  S., 
S.W.,  W.,  and  N.W.,  and  exerted  a  maximum  force  of  13  lbs.  on  the  square 
foot.  The  rainfall  was  4*076  inches.  This  was  another  revolving  storm, 
which,  like  the  first,  passed  on  the  east  and  south  sides  of  the  island.  The 
nearest  distance  of  tie  centre  was  170  miles. 

A  fourth  gale  took  place  on  the  21st  of  June,  with  the  barometer  standing 
at  30*262  to  30*314.  The  wind  was  from  south  to  S.S.E.,  and  blew  with  a 
maximum  force  of  18  lbs.  There  was  no  rain.  This  was  not  a  revolving 
storm,  but  one  of  the  winter  gales,  in  which  the  wind  veers  very  little,  and 
which  are  apparently  the  immediate  effect  of  the  trade-wind  being  put  in 
violent  motion  by  the  same  causes  that  produce  the  S.W.  monsoon  of  the 
3ay  of  Bengal,  which  the  S.E.  trade-wind  supplies  with  air. 

1861. — ^In  February  1861  a  hurricane  occurred  which  lasted  six  days, 
namely,  from  the  11th  to  the  17th.  It  was  a  revolving  one.  For  three 
days  it  remained  nearly  stationary,  its  centre  bearing  about  110  miles  N.N.E. 
of  the  Observatory.  The  wind  blew  in  fearful  gusts,  attended  with  torrents 
of  raiD,  from  S.8.E.  to  E.S.E.,  for  five  days,  and  liien  veered  to  E.,  N.E., 
N.W.,  and  W.  The  barometer  fell  to  29*009  on  the  morning  of  the  16th, 
the  centre  of  the  storm  at  that  time  bearing  N.W.  60  miles,  which  was  its 
nearest  distance.  In  the  night  of  the  13th,  the  vane  of  Osier's  anemometer 
was  blown  away,  the  pressure  being  then  about  30  lbs. ;  the  greatest  pres- 
sure afterwards  cannot  have  been  less  than  40  lbs.  From  9|  a.k.  on  the 
11th  to  9||  A.M.  on  the  17th,  44*730  inches  of  rain  fell  at  the  Observatoiy, 
and  at  Yacoas,  13  miles  to  the  southward,  at  an  elevation  of  1200  feet,  99 
inches  feU  in  the  same  time.  The  centre  of  the  storm  passed  between 
Mauritius  and  the  neighbouring  island  of  Reunion. 

Another  severe  hurricane  took  place  from  the  7th  to  the  16th  of  February, 
in  the  space  between  10°  and  20°  S.  and  76°  and  84°  E. ;  so  that  two  hurri- 
canes raged  at  the  same  time. 

A  third  severe  hurricane,  but  of  much  shorter  duration,  took  place  on  the 
2nd  and  3rd  of  March.  The  wind  veered  from  S.E.  to  S.,  S.W.,  and  W., 
and  blew  with  a  maximum  force  of  about  36  lbs.  The  barometer  fell  to 
29*282,  the  centre  of  the  storm,  which  was  a  rotatory  one,  being  then  140 
miles  E.S.E.  of  the  Observatory.  This  hurricane  passed  on  the  east  side  of 
the  island. 

1862. — ^This  was  comparatively  a  tranquil  year  at  Mauritius,  only  two  gales 
having  occurred,  neither  of  which  was  violent.  The  first  took  place  on  the 
26th  of  February.  The  wind  was  from  S.S.E.  to  E.,  and  attained  a  maximum 
force  of  12*50  lbs.  The  barometer  fell  to  29*888.  The  weather  at  Port 
Louis,  except  on  the  26th,  when  it  was  overcast  and  showery,  was  fine ;  hnt 
away  to  the  north-eastward,  between  8°  to  16°  S.  and  60°  to  110°  E.,  the 
S.E.  trade-wind  and  N.W.  monsoon  were  in  stormy  collision,  and  two  severe 
hurricanes  were  encountered  in  that  locality,  both  raging  on  the  same  days. 

The  next  gale  in  the  course  of  this  year  was  experienced  on  the  Ist  and 
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iad  dTBeeember.  The  wind  veered  from  S.E.  to  S.,  S.W.,  and  W.,  and 
its  maTimnm  force  was  9-50  lbs.  The  rainfall  was  only  0*430  inch.  The 
kraneter  fell  to  29*666.  This  was  a  small  revolving  storm,  which  passed 
CD  the  east  aide  of  the  island.     Its  nearest  distance  was  150  miles. 

1863. — Several  hnriicanes  occurred  in  1863.  The  first  took  place  on  the 
13th (^January.  The  wind  veered  from  E.  b.  S.  to  N.E.,  N.,  N.W.,  W., 
mi  W.S.W.,  and  its  maximum  force  was  17  lbs.  The  rainfall,  from  9|  a.h. 
OB  die  11th  to  9i  A.K.  on  the  14th,  was  7*225  inches.  This  was  a  rotatory 
^ssrm,  which  came  down  from  the  north-westward,  and  the  centre  of  which 
pisBed  over  the  S.W.  extremity  of  the  island.     The  barometer  fell  to  29*332. 

A  leoond  gale  took  place  between  the  31st  of  January  and  the  4th  of  Feb- 
miT.  The  wind  veered  from  E.S.E.  to  N.E.,  N.,  and  N.W.,  and  attained  a 
firaof  12  lbs.  The  barometer  fell  to  29*700.  The  rainfall  was  1*681  inch. 
His  was  another  revolving  storm,  which  passed  about  50  miles  west  of  B^- 
ssilm,  and  caused  great  loss  in  that  island. 

A  third  revolving  storm  passed  on  the  northward  and  north-westward  of 
tlbe  island  between  the  9th  and  13th  of  February.  Its  nearest  distance  was 
m  miles.  The  barometer  at  the  Observatory  fell  to  29*816.  The  wind 
T^id  from  S.E.  to  E.  and  N.E.^  and  attained  a  force  of  14  lbs.  The  rain- 
M  was  3-192  inches. 

Between  the  18th  and  22nd  of  February  a  fourth  rotatory  storm  of  great 
Wolenoe  passed  on  the  north  and  west  of  the  island,  the  wind  veering  from 
S£.  to  E.  and  N.N.E.,  and  attaining  a  maximum  force  of  36  lbs.  The 
nearest  distance  of  the  centre  was  50  miles.  The  barometer  fell  to  29*438. 
The  rainfall  was  2*430  inches. 

1S64. — ^The  year  1864  was  remarkable  for  an  absence  of  hurricanes.  The 
strongest  gale  took  place  on  the  2nd  of  July^  with  the  barometer  at  30*209. 
Tiie  wind  blew  from  S.E.  to  E.,  with  a  maximum  force  of  8*7  lbs.  Scarcely 
a&jrain  felL 

1865. — This  year  was  also  characterised  by  an  absence  of  hurricanes. 
One  or  two  gales,  however,  occurred  in  February.  On  the  12th  of  that 
aonth  the  wind,  which  had  been  previously  veering  from  S.E.  to  E.,  sud- 
denly increased  &om  N.E.  by  E.,  and  attained  a  force  of  7*5  lbs.  at  3*15  p.m., 
od  then  died  away  to  light  airs  till  midnight,  when  it  increased  to  a  force  of 
3  lbs.  from  N.W.  When  the  wind  came  round  to  N.  and  N.W.,  the  moun- 
tains became  speedily  enveloped  in  dense  masses  of  vapour  down  to  their 
bases,  and  between  7  and  9  p.h.,  during  a  thunder-storm,  rain  fell  in  torrents. 
The  streams  rose  rapidly ;  bridges  and  causeways  were  swept  away,  stores 
inimdated,  and  several  lives  lost.  The  rainfall  at  Fort  Louis  in  24  hours  was 
7-460  inches,  the  greater  portion  of  which  feU  between  6  and  9  p.m.  ;  but  at 
Is  Gaite  it  was  18*307  inches,  and  at  Croft-an-Righ  14*65  inches.  The  baro- 
meter fell  to  29*507.  There  was  no  revolving  storm  in  the  neighbourhood  of 
the  island  on  this  occasion  ;  but  the  "N.W.  monsoon  advanced  to  the  south- 
ward, and  heavy  rains,  accompanied  with  strong  winds,  thunder,  and  hght- 
ning,  fell  in  the  locaUfies  where  it  came  into  collision  with  the  S.E.  trade- 
vind. 

The  strongest  gale  during  this  year  took  place  between  the  19th  and  22nd 
ef  February.  The  wind  remained  at  S.S.E.  to  E.S.E.,  and  its  maximum  force 
was  13-5  lbs.  The  rainfall  was  only  0*665  inch.  The  barometer  fell  to 
29*730.  On  this  occasion  two  or  three  revolving  storms  occurred  at  some 
distance  to  the  northward  and  north-eastward  of  the  island,  between  the 
oonfines  of  the  K.W.  monsoon  and  S.E.  trade-wind. 

1866.— The  strongest  gale  in  the  coiirse  of  this  year  took  place  between 
1367.  K 
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the  13th  and  20th  of  April.  The  wind  remained  at  S.E.  to  £.B^.  and  £ 
throughout,  and  in  the  gusts  blew  with  a  force  varying  from  1  to  13*5  lbs  or 
the  square  foot.  The  barometer  ranged  from  30*174  to  29*944,  and  oecillaU'^ 
during  the  gusts.  Very  little  rain  feU.  On  the  2l8t  the  wind  Teered  to  th( 
north  of  east  and  feU  light.  It  was  afterwards  ascertained  that  several  ri  • 
volving  storms  occuired  from  the  6th  to  the  25th  of  April,  betwe^i  the  innd 
borders  of  the  monsoon  and  trade-wind,  away  to  the  northward  and  north- 
eastward of  Mauritius. 

This  is  not  the  time  to  enter  into  a  discussion  regarding  the  nature  aot 
origin  of  these  storms :  I  will  only  remark  that,  by  watching  the  barometer 
the  wind,  and  the  douds,  their  existence  and  approach  may  be  known  witl 
certainty,  even  when  the  distance  is  veiy  considerable. 

Xn.  Stkopsis  of  Resttlts. 

With  a  view  of  facilitating  a  comparison  of  the  results,  I  have  ^rcjad 
a  few  Tables  in  which  the  diurnal,  monthly,  and  annual  means  of  the  prii- 
cipol  elements  are  placed  side  by  side. 

Diurtud  Variation. — Table  XXXYII.  exhibits  the  means  for  each  obscnrs- 
tion  hour  of  the  six-hourly  series,  derived  from  seven  years'  observatioR: 
and  Table  XXXVIII.  those  for  eadi  hour  of  the  day,  derived  from  term-djj 
observations  taken  for  four  years.  As  already  remarked,  the  diurnal  march 
of  the  temperature,  vapour-pressure,  force  of  wind,  and  amount  of  dead  an 
all  more  or  less  accordant,  being  in  the  same  sense,  and  having  the  turniDgi 
points  nearly  at  the  same  hours.  The  diurnal  march  of  the  humidity  is  in  ^ 
contrary  sense,  but  the  turning-points  are  nearly  coincident  with  those  ofl 
the  temperature.  With  regard  to  the  total  atmospheric  pressure,  and  thf 
pressure  of  the  dry  air,  they  have  a  double  progression,  with  four  tuniing- 
points. 

Annual  Variation, — ^Table  XXXTX.  exhibits  the  monthly  means.  Tb^ 
temperature  in  the  shade  and  in  the  sun's  rays  decreases  from  Jannanrto 
July,  and  then  increases  from  July  to  January.  The  atmospheric  pressure 
increases  from  February  to  August,  and  then  decreases  from  August  to  Feb- 
ruary ;  and  the  march  of  the  dry  pressure  is  similar.  The  vapour-presswB 
has  a  progression  in  direct  agreement  with  that  of  the  temperature,  shoinB?! 
however,  a  tendency  to  a  second  maximum  in  August.  With  respect  to  the  hu- 
midity, we  see  that  it  has  a  double  progression,  with  two  maxima  in  Februair 
and  August,  and  two  minima  in  June  and  November.  The  mean  monthlf 
force  of  the  wind  also  has,  upon  the  whole,  a  double  progression,  hflTffig 
two  maxima  in  February  and  June,  and  two  minima  in  April  and  November. 
The  rainfall,  too,  has  a  double  progression,  with  two  maxima  in  February 
and  August,  and  two  minima  in  June  and  September.  The  amount  of  cloud 
has  a  maximum  in  February  and  a  minimum  in  June,  with  a  tendency  to  a 
second  maximum  in  August.  A  similar  remark  applies  to  the  frequency  of 
lightning. 

Table  XL.  gives  the  means  of  the  extreme  monthly  range  of  the  pnncipai 
elements.  The  temperature  and  humidity  are,  on  the  whole,  subject  to  great^^r 
fluctuations  in  the  summer  than  in  the  winter  months,  and  the  greatest  fluc- 
tuations of  the  vapour-prcBsuro  take  place  from  January  to  June  inclusive. 
A  comparison  of  the  oscillations  of  the  total  atmospheric  pressure  and  ts- 
pour-prossurc  will  show  the  important  part  played  by  the  latter. 

Secular  Variation. — Table  XLI.  exhibits  the  extreme  annual  range,  an" 
Table  XUI.  the  annual  means  of  the  several  elements  for  each  year* 
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As  mi*^ht  be  expected  of  an  island  exposed  to  the  D^d^|fdSiI^lii2^^-\''\i>' 
Tnni  having  a  mean  annual  temperature  of  67°  to  77°  (tn^i^p^i*ft£ii«3^'*^   ^ 
the  interior  is  from  4°  to  10°  lower  than  at  Port  Louis),  and  a  mean  huim-' 
ditr  of  71,  clothed  with  vegetation,  and  subject  to  so  small  variations  of 
temperature  and  humidity,  Mauritius  possesses  one  of  the  best  tropical  di- 
Hates  in  the  world.     At  one  time  it  was  a  sanatorium  for  invalids  from 
1q&  in  seardi  of  health ;  and  if,  of  late,  it  has  been  the  scone  of  dread- 
ibi  mortality,  this  is  not  to  be  ascribed  to  an  unbountifiil  ITatiire,  but,  there 
s  reason  to  fear,  to  a  neglect  and  violation  of  her  laws. 

I  mentioned  at  the  outset  that  the  site  of  the  Observatory  was  objection- 
•>k.    In  conclusion  I  beg  to  state,  that  a  new  Observatory  is  about  to  be 
c:K:«i  in  a  more  favourable  locality.     The  old  Observatory  and  grounds 
i^Tg  been  sold  for  ^10,000,  and  the  local  government  have  voted  a  portion 
•::  that  sum  for  the  erection  of  a  new  Observatory,  which  is  to  be  supplied 
Kth  self-recording  meteorological  and  magnetical  instruments.     Plans  of 
the  buildings  have  been  prepared  at  the  request  of  the  Secretary  of  State 
^3r  the  Ck>loiiies ;   and  although  Mauritius  has  lately  been  sorely  tried, 
it  is  expected  that  the  buildings  will  soon  be  commenced.    The  Governor^ 
^  Henry  Barkly,  who  has  done  so  much  for  science  in  other  colonies, 
j5i  warm  promoter  of  the  measure,  and  His  Excellency's  influential  endea- 
nm  are  seconded  by  the  principal  Government  officials  and  the  leading 
piiinters  and  merchants.    Kor  can  I  close  this  communication  without  making 
mention  with  becoming  respect  of  the  efforts  and  recommendations  of  Gene- 
ral S«hine,  who,  for  a  number  of  years,  has  lost  no  opportunity  of  urging  the 
importance  of  Mauritius  as  a  meteorological  and  magnetical  station,  and  is 
still  pleased  to  take  much  interest  in  the  subject. 


TiBLB  I. — Showing  the  Mean  Temperature  of  the  Air  for  each  Observation 
Hour,  derived  from  Six-hourly  Observations  taken  daily  from  I860  to 
lb66,  both  inclusive. 


Months. 
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FA 


Wttaiy 
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Jime 

^i^j 
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O.:tober 

D«rtnber  ., 


3^  A.M. 


o 
So'oi 

79-87 

79-11 

78-21 

74-84 

72-31 

70-71 

70-81 

71-33 

73*48 
76-56 

78*95 


-Hean  for  each  hour 75*5° 


•f )  above  ( —  )  below  mean... 


-1-61 


17^  A.M* 


o 
82*23 

8r6i 
8i*oo 
80*38 
77-05 
73-70 
72-14 
72-50 
73-64 

75*85 
79*47 
81-53 


77*59 


-fo-48 


^p.i{. 


83-67 
82*98 
82-51 

81*77 
78-30 

75'37 
73-64 

73*95 
75*i6 

77*07 
80-74 

82-64 


78*99 


+1*88 


9i  P.M. 


8o*97 
80-58 

79*93 

79*07 
75-63 

72-65 

71*30 

71*57 

72*37 

74*50 
77-71 
80-04 


76-36 


-0*75 


Monthly 
means. 


81*72 
81*26 
8064 
79-86 
7645 
73-46 

71*95 

72-21 

73-12 
75-22 
7862 

80-79 


(+^  above 

(—}  below 

mean  for  year. 


77-11 


o  ^ 

+4*01 

+4*15 

+3*53 

+2*75 
-0-66 

-3*65 
-5-16 
-4*90 
-3.99 

—  1*89 

■f  i-5Jt 
+  3*68 
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Ti2Li  m. — Showing  the  Greatest  Eange  of  Temperature  on  any  one  Day 
in  each  Months  &om  1862  to  1866,  both  inclusive. 


Months. 


JunuAiy 

February 

March    

April .« 

May    

June  

July    

August   

September 

October 

^oTember 

December  ....... 

Yearly  means 


1862. 

1863. 

1864. 

o 

9*3 
8i 

O 

10*4 

7'2 

o 

9'i 
II'I 

7*0 

8-3 

1 1 -2 

9*5 
in 

9-8 
8*8 

9-2 

127 

II-3 
8-7 

7-8 
11-3 

9*4 

lO'O 

7*3 
6*9 

94 

lO'O 

9l 
9-8 

6:4 

6-4 

8-4 
IO-6 

9*5 

I2-I 

8-9 

I2'5 

12-0 

8-41 

954 

10-47 

1865. 


o 
12*4 

II'O 

9'o 

lO'O 

io'9 
7'o 

7-1 
7-6 

10-5 

lo-o 

lO'O 

9*3 


956 


1866. 

Monthly 

means. 

0 

0 

110 

10-4 

12*0 

9'9 

13-0 

97 

ii-o 

9*9 

9*5 

IO-6 

8-4 

8-8 

7*3 

89 

11-3 

9-0 

II'O 

9-6 

9*5 

87 

10*9 

lo-o 

11*2 

10-8 

10-50 

9-69 

Tabu  IY. — Showing  the  Least  Eange  of  Temperature  on  any  one  Day  in 
each  Month,  from  1862  to  1866,  both  inclusive. 


Months. 


January 

February    

March    

April 

May    

June  , 

July    

August    

September 

October 

November 

December  

Yearly  means 


1862. 


4-6 
5-0 

4-8 
57 
3*9 
3-8 

2*1 
2-1 
0-7 
2*1 

3*9 
40 


3-56 


1863. 


o 

3-0 

3"3 

3  4 

3"» 
4-6 

3*9 

31 
4-2 

35 
55 
5-8 

3*3 


3-65 


1864. 


o 

51 

3  4 

44 
3-0 

3'o 

45 
3-0 

4-5 
50 

51 
50 

50 


4-a5 


1865. 


o 

6-0 
40 

3*9 
4-0 

3-6 

40 

3-5 
3-0 

3-8 

39 

3'9 
3'o 


3'9o 


1866. 


o 

4-6 

51 

4*5 

31 

'•5 

1*4 

31 

3*4 

41 

2'2 
6'0 

5-4 


370 


Monthly 
means. 


4-6 
4'i 
4'» 
3-8 

3*3 

3*5 
2-9 

3*4 

3*4 
3-6 

4-9 
4*1 


3*8 1 
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Table  V. — ShoTOig  the  Mean  Binmal  Eange  of  Temperature  for  each  Monti 

and  Year,  from  1862  to  1866,  both  inclusive. 


Months. 


January 

Febnuury    

March    

April 

May    

June   

July   

August  

September 

October 

November 

December  

Yearly  means 


1862. 


6-5 
6-9 

6-2 

7'4 
7-2 

6-9 

50 

4*3 

4*7 
4'8 

4*9 
6*5 


5*94 


1863. 


o 

6*0 

5*3 

57 
6-8 

6-6 

57 
6-3 

6-6 

6-9 

7*2 

8-2 

7*7 


6*60 


1864. 


o 

7*5 

7*1 

7*3 

6*5 
8-0 

6-8 

6-4 

6-4 
7-1 
7*2 
87 
7-8 


7-23 


1865. 


o 

81 

7*4 
6-3 
6*9 

7'o 

5-5 
5-8 

5*9 

7-2 

67 
7.9 

6-6 


1866. 


o 

7-2 

8-5 
8-0 

6-9 
5-6 
5*3 
5*3 
5*8 
6*5 
5*9 
8*9 
87 


6-78      6-90 


Monthly- 
moans. 


o 

7*' 
7'o 

67 

6*9 
6-9 
6'o 

5-8 
5-8 

6-5 
6-4 

77 
7*5 


6*69 


Table  VI. — Showing  the  Mean  Temperature  of  the  Air  for  each  Month  and 

Year,  from  1860  to  1866,  both  inclusive. 


Months. 

1860. 

1861. 

1862. 

1863. 

January... 

0 
81-22 

8285 

0 
81-42 

8^-32 

February .. 

80-90 

80-10 

81-12 

81-55 

March...... 

8o-o2 

79*75 

79-92 

81*48 

April 

May   

7877 

79-27 

79-92 

80-55 

76-62 

76-70 

75'97 

77*82 

June  

73-00 

73*05 

74'35 

7400 

July    

72-77 

71-87 

7**95 

71-11 

August 

73*15 

71-30 

73-85 

72-05 

September. 

74-07 

72-70 

74-72 

73-05 

October  ... 

75**5 

75*65 

76-35 

74-42 

Norember. 

79-27 

78-30 

79*15 

7675 

December- 

81-02 

81-25 

82-32 

79-62 

Yearly  1 
means.  J 

77-17 

76-90 

77-67 

77-10 

1864. 


81-37 
81 '02 
80-47 
79-17 
75-07 

73*15 
71-42 

71*35 
72-52 

76-07 

78-57 
80-47 

76-72 


1865. 


o 
82-22 

82-17 
80-87 
80-50 

76-70 

72-85 

71-75 
7187 

72-82 

75-25 
78-85 

79-32 

77*io 


18G6. 


8062 
81-97 
8195 
8082 
76-30 
73-82 
71-80 
71-85 

71-95 
7  3 '60 

79*45 
81-52 


77*14 


Monthly 
means. 


o 

81-72 
81*26 
80-64 

7986 

76-45 
7346 
71-95 

72-20 
73-12 
75-22 

78-62 
8079 

77*11 


Deyiation 

from  mean 

for  year. 


+461 

+415 

+  3-53 

4-275 
— o*66 

-3-65 

—  5*16 

-4*91 

-3*99 
-189 

4-1-51 
4-3-68 
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TiEE  Vn. — Showing  the  Mean  Temperature  of  the  Air  for  each  Month  and 
Fear,  obtained  &om  Daily  Observations  of  the  Maximum  and  Minimum 
Thermometers,  from  1860  to  1866,  both  inclusive. 


1 

'  Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Monthly 
means. 

Beyiation 
from 
mean. 

JiEsaiy  ... 
^t^nuy  ... 

adi  

i-d    

% 

o 

Si'zo 

82*10 

80*90 

79*90 

77*70 

74*45 
7340 

74*35 

75*55 
76*30 

So'oo 

81*05 

0 
82*30 

80*10 

79*90 

7935 
7665 

73*10 

72*40 

71*70 
73*10 

75*50 
78-65 
81*25 

8a*55 
8245 

81*20 

80*80 

77*2o 

74*15 
73*2o 

73*75 

74*75 
76*50 

79*35 
82*95 

83-20 
82*35 
82*25 

8l*20 

78*70 
74*85 

71*18 

73*oo 

74*05 
75*40 
77*6o 
80*45 

82*45 
81*95 
8165 
80*15 
75*70 

73*90 
72*10 

72*20 

73*35 
76*90 

79*35 
81  60 

82*85 
83*20 
81*85 
81*45 
77*50 
73*65 
7260 

7»75 
73*60 
76*25 
79*65 
80*30 

8i*6o 
82*75 
83*00 
81*55 
7640 

73*95 
72*05 

72*10 

72*05 

73*65 

79*95 
82*45 

82-30 
8216 
81*53 
80*63 
77*12 
74*oo 
72*52 
72-83 
74-16 
75*78 

79*22 

81*44 

+4*50 

+4*31 

+  3*73 

+3*83 
-0*68 

—3*80 

-5*28 

-4*97 
-3*64 

—  2*02 

+  1*42 
+  3*64 

•fffie    

JllT 

iifUSt 

Jeptember 

Twanbcp . . 
i^oember... 

fflttifineans 

77*80 

77*co 

78*23 

77*93 

77*6i 

77*97 

77*62 

77*8o 

Table  TUT. — Showing  the  Mean  Monthly  Maximum  Temperature  in  the 
Snn's  Bays,  obtained  from  Daily  Observations  of  the  Black  Bulb  Thermo- 
meter (in  vacuo),  from  1860  to  1866,  both  inclusive. 


Months. 


hmarj 

Februarr 

Mareh ....;.; 

April 

%  

^®e  

%  

%QSt   

*^«nber 

<>tober 

♦^'orember 

I^eeember  

Vetrly  means... 


1860. 

1861. 

1862. 

0 

0 

0 

119*1 

"8*5 

117*5 

116-9 

112*4 

116*4 

119*1 

115*0 

1146 

115*6 

114*3 

"4*3 

108*3 

104*5 

105*9 

105*0 

102*9 

103*4 

103*0 

101*8 

102*7 

1081 

1033 

103*1 

111*3 

io6*9 

109*3 

113*8 

112*8 

112-4 

118*2 

1155 

1 14-3 

117*1 

117*3 

116-5 

112*9 

110-4 

110*9 

1863. 


116-5 
113*2 
114*3 

1 1 2*9 

108*2 
102-5 
100*0 
104*2 
io6*6 
111*2 
113*5 
115-5 

109*9 


1864. 


ii6*8 
115*3 
114*5 
iio'9 
103*6 
101-4 

99*8 
103*3 

106*2 
112*2 
114-6 
116*0 

109*5 


1865. 

1866. 

Monthly 
means. 

0 

0 

0  ^ 

117*9 

117*0 

117*6 

115-0 

1181 

"5*3 

115*2 

117*4 

1 157 

112*1 

111*6 

113*1 

io6'2 

106*2 

106*1 

102-3 

102*2 

102-8 

100*9 

ioo*6 

101*2 

102*9 

102*9 

104*0 

1059 

104*9 

107-3 

111*5 

112'0 

112*3 

ii6'o 

112*8 

115*0 

113-2 
109-9 

115*3 

1158 
110*5 

iio-i 
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Table  IX. — Showing  the  Hazimum  and  Minimum  Temperature,  and  tb 
Extreme  Bange  of  Temperature  in  each  Honth,  from  1860  to  186( 
both  inclusive. 


Months. 


January 


February 


March  ... 


April, 


May 


June 


July 


August ... 


September 


October... 


November 


December 


Maximum 
Minimum 
Bange  ... 

Maiimum 
Minimum 
Bange   ... 

Maximum 
Minimum 
Bange  ... 

Maximum 
Minimum 
Bange   ... 

Maximum 
Minimum 
Bange  ... 

Maximum 
Minimum 
Bange  ... 

Maximum 
Minimum 
Bange  ... 

Maximum 
Minimum 
Bange   ... 

Maximum 
I^iinimum 
Bange  ... 

Maximum 
Minimum 
Bange   ... 

Maximum 
Minimum 
Bange    ... 

Maximum 
Minimum 
Bange   ... 


Yearly 
means. 


''  Maximum 
Minimum 
Bange  ... 


1860. 

1861. 

1862. 

o 

88i 

0 
88-0 

0 
88*0 

73 -o 

76-5 

76*9 

15-3 

ii-S 

ii-i 

87-0 

87-5 

87-0 

75*o 

71*0 

769 

12-0 

155 

10*1 

850 

85-8 

87-5 

73-0 

75-0 

750 

I2*0 

10-8 

11*6 

86-0 

85-5 

87*0 

71-5 

74-0 

74*9 

14-5 

ii'5 

12*1 

82-0 

8l-2 

86*1 

70-0 

72-0 

70*8 

12-0 

10*2 

15-3 

79-0 

66*5 

79-8 
67-2 

80-2 
68-0 

12-5 

12-6 

12*2 

79-0 
68-5 

76*0 
68-2 

79*5 
68-2 

10*5 

7-8 

11*3 

790 
680 

76-0 
678 

78*3 
69-0 

ii-o 

8-2 

9-8 

80-5 
690 

789 

67-0 

79*0 
70*0 

lis 

11-9 

90 

82-0 

810 

80*4 

67-5 

70-5 

74*0 

H'S 

IO-5 

6-4 

860 

83-5 

85-0 

73"5 

73*0 

73-6 

12-5 

10-5 

11*4 

87-0 

86-5 

89-4 

74-5 

76-0 

75*4 

12-5 

10-5 

14*0 

83-38 
70-82 
12*56 

82-56 
71-67 
10*89 

8396 
72*73 
11*23 

1863. 


o 

880 
750 

13*0 

86*9 

77*1 

9*8 

87-5 
77-2 

io*3 

86-9 

75*4 
11*5 

854 

714 
14*0 

81*4 
70*0 
11*4 

78*2 
659 

12*3 

79*5 
66-6 

12*9 

79*5 
68-0 

11*5 

8ro 
69-9 
ii'i 

852 
71*9 

133 

87-3 
71-9 

1 54 


83*90 
71*69 

12*21 


1864. 

I860. 

0 

77-8 
97 

0 
89*0 

75*6 
13-4 

88-0 
75-6 
12-4 

90*0 

75*5 
H'5 

8ri 
741 
13-0 

88*0 

76-5 
115 

86*9 

739 
13*0 

880 
76*0 

12*0 

82*1 
66*8 

^5*3 

85*0 
71*9 
131 

8l*2 

66*4 
14*8 

79*5 
67*8 

11*7 

78-4 
66*5 
11*9 

77-0 
67-6 

9*4 

79*o 
66-0 

78-0 
68*0 

13-0 

XO'O 

800 
67-2 

12-8 

80-0 

680 

12-0 

834 

71*0 

12-4 

69-0 
I2-S 

88-0 

86*0 

70-0 
i8'o 

73*6 

12*4 

890 
740 
15-0 

870 
74-0 
13*0 

84*22 
70*78 
13-44 

84-09 
71*96 
12*13 

1866. 


o 

88*0 
74*0 

14*0 

88*2 
76*0 
12*2 

88-6 

750 
13*6 

89*0 
74*0 
150 

84*0 
69*2 
14*8 

790 

13s 

784 
66-1 

12*3 

78-0 
62*8 
15-2 

78-5 
646 

13-9 

80-0 
68*4 
xi-6 

86-9 

73"4 
13-5 

89*6 
75*2 
14*4 


Monthly 
means. 


84*01 
70-35 
13*66 


88-07 

75*54 
12-55 

?7-8o 

7544 
12*36 

87-07 

75*H 
11*83 

87*04 

74H 
12*80 

83-83 
70-30 

1353 

80*01 
6734 
12-67 

78-07 

6729 
10-78 

7825 
66-S9 
1136 

7949 
67-69 

11*80 

81*29 

6993 
11-36 

85-80 

72-71 
13-09 

87-97 
74-43 
'3*54 


83-74 

71-43 
12*30 
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TiBCB  X. — Showing  the  Highest  and  Lowest  Headings  of  the  Self-registering 
TbennometeTS,  the  Dates  of  occurrence,  and  the  Range  in  each  Year. 


Yon 

1860. 

1861. 

1862. 

1863. 

1864. 

18G6. 

1866. 

Means. 

Xaximum  ...|     88' i 

1 

88-0 

89-4 

0 
880 

* 

0 
89*0 

0 
90-0 

0 
890 

8877 

Date   

3I8t 

Jan. 

Hth 
Jan. 

27th 
Dec. 

23rd 
Jan. 

2nd 
Dec. 

4th 
Feb. 

ist 
April. 

23rd 
Jan. 

Minimtuu  ... 

66-5 

67*0 

68-0 

659 

66-0 

676 

628 

66-25 

Date  

22nd 
June. 

nth 
Sept 

24th 
June. 

8th 
July. 

2nd 
Aug. 

loth 
July. 

29th 
Aug. 

24th 
July. 

1 

'.  Basee 

21*6 

21*0 

21-4 

22*1 

23*0 

22-4 

26*2 

22*52 

T>   ■•••••••• 

1 

Table  XI. — Showing  the  Mean  Vapour-pressnre  for  each  Obserration  Hour, 
obtained  from  Six-hourly  Observations  taken  daily  during  seven  years 
(1860«66). 


Months. 


Juiuaiy . . . 
February 
Htrch    ... 
April 

Hty  

'Jme  

1%   

.Aoguflt  ... 

September 
October... 
NoTembep 
December 


Heaaa 


3^  A.M. 


Deriation  from  mean. 


•749 
•756 

•736 
•706 
•630 
•564 

•547 

•555 

•553 

•59' 
•649 

•714 


•646 


'006 


OiA.M. 


•764 

•772 

•749 

•715 
•639 

•575 

•555 
•562 

•557 

•595 
•654 

•716 


•654 


-f*002 


3iF.M. 


•767 

•773 
•752 

•719 

•639 
•580 

•551 

•565 
•562 

•599 
•659 

•725 


•658 


+  •006 


9^  P.M. 


•758 
•766 

•738 
713 

•635 

•570 

•546 

•564 

•560 

•597 
•655 

723 


•652 


•000 


Monthly 
means. 


•759 
•767 

•744 

•713 
•636 

•572 

•550 
•561 

•558 

•595 
•654 

719 


•652 


Deyiation 
from  mean. 


+•107 

+•115 
+•092 
+•061 

—  •016 

—  •080 
—•102 

—  •091 
-•094 
-•057 

—  ■002 
+■067 
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Table  XIII. — Showing  the  Mean  Yaponr-preseore  for  each  Month  and 
Year,  derived  firom  Six-hourly  Observations  taken  daily  from  1860  to 

1866,  both  inclusive. 


¥nnthi. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Monthly 
means. 

BeTiation 
from 
mean. 

Jmuaiy 

FehrtMiy  ... 

Vnreh   

April 

773 

79» 
•769 

if 

•662 

•585 
•605 

•628 

•625 
•627 

•649 

747 

770 

757 
725 
708 
•663 

'559 
•540 

•557 

•536 
•613 
•687 
748 

774 
764 

720 

•731 

'640 

•563 

•585 

'587 
•584 

•595 
•689 

•721 

'773 

773 
767 

•711 
.644 

•586 

•53» 

•554 

•558 

•579 
•627 

717 

715 

739 
738 
709 
•600 
•567 

'547 

•550 

•535 
•619 

•681 

•710 

754 
•790 

738 
710 
•629 
•570 

•544 
•549 
•558 
•607 
•674 

•741 

'749 

75» 

•743 
725 

•621 

•573 
•498 

•508 

•507 

•53> 

•575 
•650 

- 

759 

767 

•743 

•637 
•572 
•550 

•562 

•596 

•655 
719 

+•107 
+  •115 
+•091 
+•061 
-•015 
—•080 
—•102 
—  •090 
-•094 
—•056 
+•003 
+•067 

L ..;.:..:. 

Jim  

Jar 

August  

.Sptember... 

<>ctober 

Xoy  ember . . . 
December ... 

T«rlT  means 

•680 

•655 

•663 

•652 

•643 

-655.     619 

•651 

IXfTiation 

+-028 

+  •003 

+  •011 

O'OOO 

—•009 

+•003 

-•033 

The  above  Table,  as  already  remarked,  indicates  a  gradual  deoreaso  of  the 
vapour-pressure.  This  becomes  more  evident  when  wo  take  the  means  for 
conaecutiye  periods  of  two  years  each.    Thus : — 


Years. 
i860 
1861 
1862 
1863 
1864 
1865 


Yap.-pressuro. 
.     -680! 

.  -663 

.  '652 

.  -643 

•  -655 


} 


Means. 
•667 

•657 

•649. 


The  pressure  for  1866  ('619)  is  so  much  lower  than  the  greatest  ('680) 
tbit  it  in  very  probable  the  mean  pressure  for  1866  and  1867  ^ill  be  the 
least  of  all. 

It  is  possible  that  this  diminution  of  vapour-pressure  may  be  owing  to 
tbe  great  extent  to  which  the  primeval  forests  have  been  cut  down  during 
the  last  twenty  years.  As  the  rains  are  evaporated  and  carried  away  sooner 
ilian  they  would  bo  if  protected  from  the  sun's  rays,  we  may  suppose  that  the 
mean  annual  amount  of  vapour  in  the  air  must  be  less  than  it  was  before 
tbe  foiesta  were  cut  down ;  and  that  if  this  ia  the  case  at  Port  Louis,  on  the 
vest  coast,  it  must  be  still  more  so  in  the  interior  of  the  island,  where  the 
forests  existed. 
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Table  XIY. — Showing  the  Maximum  and  Minimum  Vapour-pressure,  and 
its  Extreme  Eange,  for  each  Month,  from  1860  to  1866,  both  indusive. 


Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1866. 

1866. 

Monthly 
means. 

r  Maximum 

January    <  Minimum 

Bange  ... 

•914 
•657 

•»57 

•896 
•659 
•237 

•903 
•638 
•265 

•659 
•296 

•827 
•638 
•189 

•910 
•617 
•293 

•925 
•607 
•318 

•904 
•639 
•265 

r  Maximum 

February  "  Minimum 

[Bange  ... 

•879 
•707 

•172 

•847 
•620 
•227 

•896 
•643 
•253 

•9*5 

•715 
•210 

•854 

•597 
•257 

•940 
•628 
•312 

•940 
•617 

•3*3 

•897 
•647 

•250      , 

f  Maximum 

March  ...  •  Minimum 

[Range  ... 

•866 

•594 
•272 

•814 
•626 
•188 

•903 

•384 

•868 
•648 
•220 

•868 

•578 
•290 

•940 

•597 
•343 

•840 
•648 
•192 

•871 
•601 

•270      j 

April 

'Maximum 
Minimum 
Bange   ... 

•872 

•54* 
•330 

•847 
•586 
•261 

•847 
•622 
•225 

•854 
•578 
•276 

•840 
•607 
•241 

•827 

•559 
268 

.854 

•578 
•276 

•849 
•581 
•268      ' 

r  Maximum 

May  '  Minimum 

[Bange  ... 

•805 

•503 
•302 

•756 

•571 
•185 

•745 
•460 

•285 

•727 

•578 
•149 

•787 
•450 

•337 

•840 
•481 

•359 

•840 

•5x5 
•325 

•786 
•508 

•»77 

r  Maximum 

June <  Minimum 

[Bange   ... 

•694 

•443 
•251 

•789 
•463 

•326 

•704. 
•450 

•154 

•739 

•473 
•266 

•692 

•450 
•242 

•751 
•437 
•3H 

•670 
•450 
•220 

•720 

•451 
•268 

r  Maximum 

July •   Minimum 

[Bange  ... 

•722 
•507 
•215 

•636 

•449 
•187 

•681 
•489 
•192 

•638 
•400 
•238 

•692 
•408 
•284 

•638 
•465 

•173 

646 

•383 
•263 

•665 

•443 
•222 

r  Maximum 

August..."  Minimum 

[Bange  ... 

•721 

•505 
•216 

•686 

•474 
•212 

•692 

•464 
•228 

•659 
•461 
•198 

•692 
•408 
•284 

•704 

•435 
•269 

•621 
•382 
•239 

•682 

•447 
•i35 

C  Maximum 

September-  Minimum 

[Bange  ... 

•760 

•514 
•246 

•628 

•470 
•158 

•670 

•473 
•'97 

•692 
•450 
•242 

•607 

•458 
•149 

•692 
•465 
•227 

•637 

•367 
•270 

•669 
•456 
•213 

r  Maximum 

October...]  Minimum 

[  Bange  ... 

•752 
•482 
•270 

•776 
•520 
•256 

•7x5 
•506 

•209 

•727 
•481 
'246 

•727 

•541 
•186 

•727 

•498 
•239 

•648 
•410 
•238 

•7H 
•491 

•233 

Noyember  • 

r  Maximum 
Minimum 
Bange  ... 

•783 
•542 
•241 

•827 

•513 
•314 

•827 

•541 
•286 

•751 

•541 
•210 

•827 
•550 
•277 

•854 

•578 
•276 

•598 

•533 
•065 

•781 
•542 
•239 

December  • 

f  Maximum 
Minimum 
Bange   ... 

•859 
•668 
•191 

•868 
•622 

-840 
•617 
•223 

•827 

•597 
•230 

•814 
•588 
•226 

•868 
•617 
•251 

•802 

•5*3 
•289 

•840 
•603 
•237 

Yearly    ^ 
means. 

f  Maximum 
Minimum 
Bange  ... 

•802 

•555 
•a47 

•781 

•S48 
•sjj 

•785 

'535 
•250 

•780 
•548 
•232 

•769 
•522 
.247 

•807 

•531 
•276 

•752 
•500 
•252 

•781 

•534 
•248 
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Table  XY. — Showing  the  Greatest  and  Least  Vapour-pressure,  the  Dates  of 

occurrence,  and  the  Eange  in  each  Year. 


Years 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Means. 

•914 

•896 

•903 

•955 

•868 

•940 

•940 

-916 

Date  

29th 
Jan. 

3I8t 

Jan. 

27th 
Jan. 

19th 
Jan. 

6ih 
March. 

19th 
Feb. 

21  St 

Feb. 

8th 
Feb. 

Mlnimnm  ... 

.446 

•449 

•450 

•400 

'408 

•435 

•367 

•421 

Date  

20th 
June. 

19th 
June. 

15th 
June. 

20th 
July. 

31st 
July. 

12th 
Aug. 

27th 
Sept 

2ISt 

July. 

^neft  .„.,... 

•467 

•447 

•453 

•555 

'460 

•505 

•573 

•494 

1 

Table  XVI. — Showing  the  Mean  Humidity  of  the  Air  (complete  saturation 
heing  100)  for  each  Observation  Hour,  obtained  from  Six-hourly  Obser- 
vations taken  daily  during  seven  years  (1860-1866). 


1        Months. 

3iA.if. 

9iA.M. 

3*  PM- 

9i  '•"•• 

Monthly 
means. 

Deviation 
from  mean. 

JsQuanr 

747 
77' I 

75'3 

74-5 
736 

72-3 

729 

73-8 
72*6 

72-6 
71-9 

73-6 

71-2 

74'3 
72-3 

70-4 
70-3 

70*1 

71-1 

70-9 

677 

67-6 

660 

68*5 

685 

71-4 
694 

68'x 

67-3 

674 

665 

68*2 

652 

65*0 

64*1 

66*3 

73*5 
76*0 

73'9 

73*3 
729 

717 

719 

73'4 

71*3 
70-8 
70-4 
719 

72*0 

747 
727 

716 

71*0 

70-4 

70*6 

71*6 

69*2 

69-0 

681 

70*1 

+  I-I 

+3-8 
+  1-8 
+07 
+o'i 
-0-5 
-o'3 
+07 

-17 
-1-9 
-2-8 
-0-8 

February  

Harch  

April 

l£iy  

Jane 

July   

,   /    

AuiTust  

oeptRmber 

October 

November 

December 

Monthly  means ...      737 

70*0 

673 

72-6 

70-9 

Deriation  from  \       ,     « 
mean f      ^^^ 

-0-9 

-3-6 

+  17 
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Tim  XVLLL — Showing  the  Mean  Humidity  of  the  Air  for  each  Month  and 

Year,  from  1860  to  1866,  both  inelnaive. 


Months. 

1860. 

1861. 

1862. 

1863. 

1804. 

1865. 

1866. 

Monthly 
means. 

DeTiation 
from  mean. 

Jmuaiy 

febmaiy 

March. 

April 

74-6 
77 -o 
765 
7a-6 

733 
71*2 

756 

77-8 
75*7 
723 
673 
72*2 

704 
76*2 

731 
724 

73-5 
696 

699 

73*4 
677 

703 
72-3 

7r8 

74*5 
74-0 

727 
73'o 
7*7 
69*1 

73*5 
711 

69-5 

667 

70*6 

67-6 

71*6 

79'S 
73-2 

699 

68*6 

71*0 

69*1 

70-4 

696 

687 

69*0 

72-4 

693 
71*6 
72-8 
72-8 
70*0 
70-4 
71-9 
72-4 
680 
70*2 
70*2 
70-0 

70*2 

73-8 
717 
69-6 

69-2 

71-3 
70-8 

71-3 
70-1 

70-5 

70*1 

75*9 

73*1 
70-6 

699 

707 

69-8 

698 

634 

647 
64*2 

638 

57-0 

6o'2 

719 

747 
728 

7i'6 

710 

70-3 

70*6 

71*6 

69*2 

68*9 

68-1 

70*0 

+  ro 

+3-8 

+  1-9 
-f.07 

-foi 

-0-6 

-0-3 

+07 

-17 

—  2-0 

-2-8 

—  0-9 

% ::;..;.:; 

Jane 

July   

Aognst.. 

September.... 

October 

November.... 
December 

Yearly     \ 
meuu. 

736 

717 

71  "2 

71-1 

70-8 

7X-2 

66*4 

70-9 

Deviation  1 
from  mean,  j 

4-a7 

+0-8 

4-0-3 

4-0-2 

— 0*1 

+0*3 

-4'5 

We  have  seen  that  Table  XIII.  indicates  a  decrease  of  vaponr-pressore. 
^'e  now  see  that  Table  XVlil.  indicates  a  decrease;  of  humidity ;  in  other 
Tords,  an  increasing  dryness  of  the  air.  This  decrease  is  perhaps  more  ap- 
parent when  we  take  the  means  for  periods  of  two  years  each.    Thus : — 

Means. 

72*6 


7i'i 
71*0. 


Years.  Humidity. 

i860  73'^\ 

1861  717/ 

1862  71-2' 

1863  7I'I  J 

1864  70-8 1 

1865  71*2  J 

The  humidity  for  1866  is  so  small  as  to  render  it  almost  certain  that  the 
mean  for  1866  and  1867  will  be  the  least  of  all. 

These  results  are  interesting  in  connexion  with  the  destruction  of  the  fo- 
rests, and  the  diminishing  sugar-crops. 

The  year  1866  was  remarkable  not  only  for  diminished  humidity,  but  also 
'w  dimimshed  vapour-pressure,  diminished  rainfall,  absence  of  hurricanes, 
^d  a  severe  drought,  which,  after  destroying  a  large  portion  of  the  young 
^nes,  was  followed  by  a  terrible  fever,  which  has  not  yet  disappeared.  At 
^e  Observatory  the 

Humidity  was    66-4  (100-0). 

Tapour-pressuro     O'OIO  inch. 

Rainfall 20-56  inches. 
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Table  XIX. — Showing  the  Maximum  and  Minimum  Humidity,  and  tl 
Extreme  Eange  of  Humidity,  for  each  Month,  from  1860  to  1866, 

both  inclusive. 


Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Montiilj 
means. 

f  Maximum 

January    •  Minimum 

[Range   ... 

941 

55*4 
387 

86-6 
6 1-8 
24*8 

88-8 
56*2 
326 

86-8 
58-9 
279 

826 
265 

86-6 

589 
277 

91*0 

53*4 
376 

88-1 

57*2 
309 

February  - 

r  Maximum 
Minimum 
Range  ... 

91*8 
6i'o 
30-8 

9S'3 
57-6 

377 

900 
588 
32*1 

867 
647 

22'0 

86-5 
561 
304 

90'9 
S3'6 

37'3 

867 
53-6 
33-1 

89*8 

57*9 
3>-9 

March  ... 

[Maximum 
Minimum 
Range   ... 

875 
567 

30-8 

936 
589 

347 

88-8 
6o*3 
28.5 

82-6 
617 

20*9 

867 

55-8 
309 

86-6 

55*9 
307 

825 
56*2 

26-3 

86*9 

57-9 
290 

April • 

r  Maximum 
Minimum 
Range   ... 

87-8 

57-4 
30-4 

88*8 

57*4 
31*4 

787 
6o'2 

lis 

907 

55-8 
34*9 

867 
58-8 
27-9 

826 
6r8 

20'8 

824 

587 
237 

854 
586 
268 

May 

r  Maximum 

Minimum 

[Range   ... 

85-4 
581 
27-3 

84-9 

571 
27*8 

82*4 
59'5 

22*9 

823 
58-6 

237 

867 
52*6 

34-1 

86*5 

55'3 

31-2 

867 
58-2 
285 

85-0 

57*1 
27-9 

r  Maximum 

June •  Minimum 

Range  ... 

87-8 
52-1 

35*7 

86-2 

53'9 
32-3 

82*4 
58-0 
244 

823 

58-2 
24*1 

86*5 

55'3 
31*2 

86*4 
61*0 

»5-4 

82-4 
58-0 
24-4 

84-9 

56-7 
282 

r  Maximum 

July  '  Minimum 

[Range   ... 

93*9 
61-5 

32-4 

822 
582 
24*0 

824 
64*1 

18-3 

82-4 
58-0 
24-4 

86*5 

525 
34-0 

85-4 
5*7 
327 

78*0 
480 
30*0 

84-4 
56-4 

28'0 

f  Maximum 

August ...  •  Minimum 

Range   ... 

967 

653 
3»-4 

865 
59-6 
26*9 

86-5 

55-6 
309 

78-4 

55*3 
231 

907 

55-x 
35-6 

907 

5a'5 
382 

79-0 
52*6 
26*4 

86-9 

56*5 
304 

( Maximum 

September-  Minimum 

[Range  ... 

96-3 
607 
35-6 

8o-o 
56-4 
23-6 

78-4 

553 
23-1 

864 
58-2 
282 

8i*o 
25-8 

78-4 
581 

20'3 

79'o 

48-3 
307 

8r8 
560 
268 

October... 

'  Maximum 
Minimum 
Range   . . . 

86-6 
51-0 
356 

869 
54*4 

82-3 
55-6 
267 

86*4 

58-3 
281 

843 
582 
26*1 

82-4 
58-2 

24*2 

77-0 
54-6 
22*4 

837 

55-8 
277 

NoTember 

'  Maximum 
Minimum 
Range   ... 

817 
566 
25*1 

86-5 
496 
369 

82-3 

53*3 
29-0 

823 

S2-» 
29-5 

82-6 

55-8 
26-8 

82*4 

55-8 
26-6 

696 
521 

ns 

8  I'D 

537 
27*3 

r  Maximum 

December  *  Minimum 

[  Range   . . . 

897 

581 
316 

85-3 
52-2 

331 

82-5 
536 
28-9 

82-6 

589 

237 

787 
560 
227 

907 
56-0 

347 

81-5 

54*5 
27*0 

84*4 
28-8 

■.,         .     f  Maximum 
Mean,  for  ljji„i^„,„ 

899 

57-8 
321 

86*9 
56-4 
30-5 

830 

57*6 
26*3 

841 
582 
25-9 

84-9 

55-6 
29-3 

85-8 
56-6 
29*2 

8i-3 
540 
27-3 

85-3 
566 
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Ii£LE  XX. — Showing  the  Greatest  and  Least  Humidity,  the  Dates  of  occur- 
rence^ and  Eange  in  each  Year. 


jYoffs 

I860. 

1861. 

1862. 

1863. 

1864. 

1866. 

1866. 

Means. 

3£ixmiam  ... 

967 

95*3 

909 

907 

907 

90-9 

91*0 

92-31 

Date  ' 

2IBt 

Aug. 

1 6th 
Feb. 

oth 
Feb. 

5th 
April. 

1 2th 
Aug. 

1 2th 
Feb. 

5a'5 

4th 
Jan. 

8th 
April. 

Miumiun  ... 

50-3 

46-3 

S3'3 

52-8 

nth 
July. 

382 

48-0 

50-81 

Srte  1 

7tii 
Oct. 

loth 
June. 

iHh 

ist 
Nov. 

12th 
Aug. 

26th 
July. 

1 
29th 
Aug. 

HansB 

46-4 

49-0 

37-6 

37*9 

384 

43-0 

41*5 

8r'»*»'  •  •••» 

Table  XXI. — Showing  the  Mean  Height  of  the  Barometer  (corrected  and 
reduced  to  32*')  for  each  Observation  Hour,  obtained  from  Six-hourly 
Obeerrations,  taken  daily,  from  1860  to  1866,  both  inclusive. 


Montha. 


January. 
Pebnuiy 
March  . 
April .... 
Itoy  .... 
Jane  .... 
July  .... 
Aoguat 
Se^m 
October 

Norember 

Beoembeir  

Means    

Deviation  from  mean.. 


3i  A.M. 


in. 

29-908 
29*823 
29*912 

a9'977 
30*050 

30*138 

30174 
30' 1 76 

30*169 

30*113 

30045 

29967 


30*038 


—  •018 


9i  A.lf. 


m. 

»9'95» 
29*870 

29*963 

30*026 

30*105 

30*190 

30*228 

30*228 

30*221 

30*160 

30*084 

30*007 


30*086 


-j-*o3o 


3^  P.M. 


in. 

29*890 

29*804 

29*895 

29-954 

30*030 

30*121 

30152 

30*150 

30*140 

30*082 

30*017 

29*947 


30*015 


—•041 


9i  P.M. 


m. 

29958 

29*877 

29-968 

30-027 

30*097 

30*181 

30*212 

30*218 

30*218 

30*158 

30*094 

30017 


30*085 


-|-*029 


Monthly 
means. 


in. 

29927 

29843 

29*934 

29-996 

30*070 

30157 

30*191 

30193 

30*186 

30129 

30*060 

29*984 


30056 


W67. 
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lisa  XXin. — Shoving  the  Mean  Height  of  the  Barometer  (corrected  and 
rednKd  to  32°)  for  each  Month  and  Year,  as  derived  from  Six-hourly 
OberrationB  taken  daily  from  1860  to  1866,  both  inclnsiye. 


ladii. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Monthly 
meanB. 

Deriation 
from  mean. 

M«A 

?^::;::: 

/sag  ,. 

CHobff  ... 
5'j{?aiber. 

in. 

29*846 

29*842 

29*859 

30026 

30*048 

30*171 

30-196 

30167 

30-142 

30*102 

30*088 

29.994 

in. 

29*909 

29*665 

29950 

30035 

30*050 

30*127 

30*182 

30*187 

30*193 

30*116 

30*026 

29943 

in. 

29899 

29*890 

29*944 

30*018 

30*062 

30*093 

30*151 

30*174 

30151 

30139 
29*992 
29*921 

in. 

29*921 

29*824 

29*929 

29*957 

30*102 

30*170 

30*161 

30*184 

30*147 

30*115 

30*057 

30*012 

in. 

29950 

29*937 

29*923 

29*986 

30*080 

30195 

30*219 

30*206 

30*258 

30*142 

30*064 

30*017 

in. 

30*007 

29*836 

29*960 

29*990 

30*080 

30*190 

30*237 

30*221 

30*196 

30*136 

30*085 

a9'935 

in. 
29-952 

29*914 
29*969 

29965 

30*062 

30-159 
30*195 

30*2  li 
30*221 
30*152 
30*102 
30072 

in. 

29-927 

29*843 

29*934 

29*996 

30*070 

30*157 
30*191 

30193 
30*186 
30*129 
30*060 
29-984 

in. 

—  •129 
—•213 
—•122 
—•060 
-f*oi4 

-I--10I 

+•135 
•fi37 
+•130 

+•073 
+*oo4 

—  •072 

r«rly    ^ 
Bttn&J 

30-040 

30*032 

30*036 

30*048 

1 

30*081 

30*073 

30*081 

30*056 

^^e  Tables  XIU.  and  XVlil.  show  a  decreasing  vaponr-pressure  and 
hniDiditj,  Table  XXTTI.  shows  an  increasing  atmospheric  pressure.  Hence 
t^  gaseous  pressure  has  also  been  increasing. 

The  gradual  diminution  both  of  the  vapour-pressure  and  humidity  may 
^  due  to  the  clearings  which  have  been  extensively  carried  on  in  the  interior 
^  Ac  island  during  the  last  fifteen  or  twenty  years.  It  would  be  easy  to 
^^bate  the  change  to  some  general  cause  affecting  the  surrounding  ocean, 
^0:  there  eeems  to  be  no  necessity  for  having  recourse  to  that  supposition 
^iien  we  know  that  forests  must  act  as  preservers  of  moisture,  and  that  the 
^^«ts  of  Mauritius  have  been  rapidly  disappearing.  If  observations  had 
^  taken  at  localities  where  forests  existed,  before  and  after  they  were  cut 
&^,  the  change  would  doubtless  be  much  more  marked  than  at  Port 
loois. 

^  to  an  increase  of  the  atmospheric  and  gaseous  pressures,  with  a  de- 
<^Kage  of  vapour-pressure,  that  is  in  accordance  with  a  general  law. 

'^  following  are  the  means  of  the  atmospheric  and  dry  pressures  for  con- 
s^Qtive  periods  of  two  years  each : — 


YfiAFA.  Atanotpherio 

PresBure. 

1860^61  30*036  .. 

1862-63 30*042  ., 

1864-66 30*077  . 


Dry 
Pressure. 
29*369 
29*385 
29-428 


-ftese  results  are  no  doubt  partly  due  to  the  disturbing  action  of  hurri- 

canes. 


i2 
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Tablb  XXIV. — Showing  the  Maximum  and  Minimum  Eeadings  and  tli< 
Extreme  Eange  of  the  Barometer  for  each  Month,  from  1860  to  186G, 

both  inclusive. 


Months. 


January 


February 


'  Maximum 
Minimum 
Range  ... 

r  Maximum 
Minimum 
Range  ... 


March  ...  - 


'  Maximum 
Minimum 
Range  ... 


April. 


'  Maximum 

.. '  Minimum 

Range  . 

{Maximum 
Minimum 
Range  . 


June 


July 


August ... 


September 


Maximum 
Minimum 
Range  ... 

'  Maximum 
Minimum 
Eange  ... 

Maximum 
Minimum 
Range  ... 

'  Maximum 
Minimum 
Range  . 


r  Maximum 

October...'!  Minimum 

[  Range  . . . 


f 


Maximum 
NoTember-'  Minimum 
[Rangn   ... 


1860. 


{Maximum 
Minimiim 
Range  ... 


•kr    ^   r     r  Maximum 
Mmm  for  I  jji„i„„„ 

y**"  -lEange  ... 


m. 

29991 

29542 

0-449 

29*996 

29*520 

0-476 

30-059 

»9'454 
0*605 

30*131 

29*834 

0*297 

30*190 

29*848 

0*342 

30*297 

29*969 

0*328 

30*384 
30*051 

0333 

30*245 

a9'954 
0-291 

30*240 

29-963 

0*277 

30*186 

29*930 

0*256 

30-164 

29938 

0-226 

30*048 

29878 

o"i7o 


30*161 

29*823 

0*338 


1861. 


m. 

30*011 

29544 

0*467 

29-986 

29*009 

0*977 

30*083 

29*282 

o'8oi 

30*109 
29*897 

0'2I2 

30*127 

29*893 

0234 

30*246 

29-945 

0*301 

30-253 

29977 

0-276 

30*304 

30*016 

0*288 

30*279 

30*006 

0*273 

30*208 

29-951 

0*257 

30*076 

29*844 

0*232 

30*018 

19*^^3 
0*245 


1862. 


in. 
30*029 

19745 
0*284 

30*039 

29*730 

0-309 

30*150 

29-750 

0-400 

30*117 

29898 

0*219 

30*185 

29-947 

0-238 

30-255 

29*863 

0*392 

30*300 

30*025 

0-275 

30-337 

30*065 

0*272 

30*259 

30-062 

o'i97 

30*265 

30053 
0*212 

30*124 

29*826 

0*298 

30*029 

49-564 

0*465 


1863. 


30*142  30*174 

29*765  29*877 

0-377:   0*297 


m. 

30*081 

29*231 

0*850 

30*013 

29*329 

0*684 

30*065 

29*734 

0*331 

30*123 

^9755 
0*368 

30*229 

29*953 

0*276 

30*282 

30*048 

0*234 

50*310 

30*007 

0*303 

30*323 

30*087 

0*236 

30*279 

29-988 

0*291 

30*273 

29*859 

0*414 

30-147 
29*925 

0*2221 

30*111 

29*^15 

0*196 


1864. 


1865. 


in. 

30*085 

29-706 

0-379 

30*107 

29-693 

0-414 

30*096 

29*667 

0*429 

30*094 

29859 

0*235 

30*209 

29*963 

0*246 

30-335 
30*069 

0*266 

30356 
30*077 

0*279 

30*373 

30*063 

0*310 

30-385 
30*137 

0*248 

30*311 

30-014 

0*297 

30*199 

29-933 

0-266 

30*119 

29*936 

0*183 


30*186  30*222 
29-820  29-926 
0*366    0*296 


m. 

30*142 

29*875 

0*267 

30-037 

29*511 

0*526 

30*088 

29*757 

0*331 

30*071 

29*871 

0*200 

30*218 
29*941 

0*277 

30*400 

29*971 

0*429 

30-382 

30*111 

0*271 

30-355 
30*073 

0*282 

30-375 
29*964 

0*411 

30*288 

29*823 

0*465 

30*231 
29*962 
.  0*269 

30*081 

29*650 

0*431 


30*222 

29*876 

0-346 


1866. 


Montlily 
means. 


in. 

30*107 

29*748 

0*359 

30-044 

29*746 

0*298 

30*072 

29-836 

0*236 

30*132 

29*820 

0*312 

30*227 
29*882 

o*345 

30*295 

29*988 

0*307 

30-313 
30-015 

0*298 

30*340 

30*004 

0*336 

30*358 
30*009 

o*349 

30*257 

30*008 

0*249 

30*230 

29*986 

0*244 

30*202 

29-709 

0*493 


30-215 

29*896 

0*319 


m. 

30*063 

29*627 

0*436 

30*032 

29*505 

0*527 

30*088 

29-640 

0*448 

30111 

29*848 

0*263 

30*198 

29-918 

0280 

30-301 

29*979 
0*322 

30-328 

30-038 

0-290 

30*325 

30*037 
0*288 

30*311 
30*018 

0-293 

30-255 
29948 

0*307 

30167 

29.916 

0-251 

30*087 

29775 
0*312 


30*189 

29854 

0-335 
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Table  XXY. — Showing  the  Greatest  and  Least  Eeadings  (corrected  and 
reduced)  of  the  Barometer,  the  Dates,  and  Bange  in  each  Year. 


Years 

I860. 

1861. 

1862. 

1863. 

1864. 

1865, 

1866. 

Means. 

30-327 

30-334 

30-337 

30-123 

30-385 

30-400 

30*358 

30-352 

Dates 

2Sth 
June. 

26th 
Aug. 

15th 
Aug. 

15th 
Aug. 

22nd 
Sept. 

30th 
June. 

9tli 
Sept. 

i2tb 
Aug. 

Minimuni  ... 

a9'454 

29-009 

29-564 

29*231  29-667 

29-5x1 

29-630 

29-438 

Dates 

a4th 
March. 

i5t.h 
Feb. 

2nd 
Dec. 

1 

13th      4th 

Jan.   iMarch. 

1 

1 

I  2th 
Feb. 

7th 
Dec. 

28th 
Jan. 

I^TICT,,, 

0-873 

1-325 

0773 

1*092 

0*718 

0889 

0728 

0-914 

•""*&"••• 

TiBLB  XXYI. — Showing  the  Number  of  times  the  Wind  blew  from  the 
prindpal  points  of  the  Compass  during  each  Year,  from 

1861  to  1865  inclusive. 


Direction. 


North 

North  to  NJB.  .., 

N.E.  

N.E.  toEast 

East   

East  to  S.£ , 

S.E 

S.£.  to  South 

South 

SoatiitoS.W.  .., 

8.W 

8.W.toWe8t 

'West 

WerttoN.W.  .. 

N.W. 

N.W.  to  North  .. 

Cahn 

Variable 


Totals. 


1861. 


26 

'9 
173 

395 
203 

136 

57 
8 

5 
6 

12 

28 

29 

19 

^33 
83 


1460 


1862. 


14 

H 

88 

226 

376 

227 

80 

8 

3 
5 

19 
31 

30 

27 

21 

271 
6 


1460 


1863. 


12 
8 

15 

95 
209 

366 

281 

102 

4 
6 

4 

13 
21 
40 
38 

3» 
207 

7 


1460 


1864. 


66 
288 

403 
268 

82 

9 

5 

7 
12 

22 

34 

37 
18 

181 

I 


1460 


1865. 


12 

3 
II 

72 

162 

455 
291 

133 
10 

6 

10 

6 

9 

43 

33 

19 
184 

I 


1460 


Totals. 


69 

47 
73 

494 
1280 
1803 
1203 

454 

39 

15 
32 

62 

III 

176 

149 

109 

1076 

98 


7300 
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Table  XXVII.— Showing  the  Mean  Estimated  Force  of  the  Wind,  in  Pounds' 
Pressure  on  the  Square  Foot,  for  each  Observation  Hour,  derived  from 
Six-hourly  ObservatiionB,  taken  daily  during  Seven  Yean  (1860-1866). 


Hours. 


3i  ^•>'- 
9^  r.M. 


Yearly  meang 


•••«••■ 


•••••••••••••••I 


1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

lb. 

lb 

lb. 

lb 

lb 

lb. 

lb 

074 

0-55 

0*23 

0-38 

0*27 

0*31 

o'35 

086 

0-59 

0*36 

0-43 

0-34 

0*32 

0*37 

076 

0-53 

0*31 

o'47 

0-33 

0*34 

0*42 

072 

049 

0-29 

o'37 

0*25 

0*33 

0*30 

077 

0-54 

0-30 

0*41 

0*30 

0*32 

0-36 

Meaiu. 


lb. 
0-41 
048 
0-45 

0*39 


043 


Table  XXYIII.— Showing  the  Mean  Estimated  Force  of  the  Wind  for  each 
Month,  in  Pounds'  Pressure  on  the  Square  Foot,  as  derived  from  Six- 
hourly  Observations,  taken  daily  during  Seven  Years  (1860-1866). 


Months. 


January 

February   .... 

March    

April 

May    

June  <., 

July    

August  

September.*.. 
October ....... 

November  .... 

December  .... 

Yearly  means 


1860. 


lb. 

1*12 
1*25 
071 
0-62 
1*12 
0*82 
077 

o-6o 
0'54 
0*69 
0-53 
0-35 


076 


1861. 


lb. 

0-57 
072 

172 

0*50 

0*29 

o'63 

0*46 

0-6S 

0*29 

o"i7 

0*24 

0*26 


1862. 


lb. 
0-44 
0-99 
0*56 

0'12 
0*15 

o'i4 
o*i8 
0*20 
o*i6 
0*19 
0*21 
o'23 


0-54 


0*29 


1863. 


lb. 
0-48 
171 
0*18 

0"27 

0-34 
0*50 
0-34 
0*40 
0-24 
o'i9 
0*12 
0*16 


0*41 


1864. 


lb. 

0-27 

0*25 

0*24 

0*29 

0*23 

0'42 

0-33 

0*35 
0-45 

0-28 

0*21 

0*27 


0*30 


1865. 

1866. 

lb. 

lb. 

0*32 

0-34 

0-57 

0*23 

0-32 

0*2I 

0*20 

o'64 

0-28 

0-28 

0-47 

0-45 

0*36 

0*42 

035 

0*42 

0-27 

0-48 

0-26 

033 

0-24 

0-26 

0*29 

0*27 

0-33 

0*36 

Monthly 
means. 

lb. 

0-51 

0-82 

0-56 

0-38 

0-38 

049 

o'4i 

043 

0-35 

0*30 

0*26 

0*26 


0-43 


The  general  accordance  of  the  results  in  Tables  XXVIII.  and  XXIX  is 
evident,  both  showing  two  maxima  in  February  and  June,  and  two  minima 
in  April  and  November.  The  discrepancy  in  the  amount  of  force  is  due  to 
the  results  in  the  former  Table  having  been  derived  from  four  daily  obser- 
vations of  the  estimated  force  during  seven*  years,  while  the  results  in  the 
latter  have  been  obtained  by  taking  the  means  of  the  daily  maximum  force 
recorded  by  Osier's  anemometer  during  six  years. 
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Tifiu  XX IX. — Showing  the  Mean  Maximum  Force  of  the  Wind  for  each 
Konth^  during  8ix  Years,  in  Pounds'  Pressure  on  the  Square  Foot,  as 
obtained  by  Osier's  Anemometer. 


Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Monthly 
means. 

J&nuAiy 

Febfoaiy    ... 

April 

iLj 

Jone  4 

July   

Angnst   

September... 

October 

NoTHnber  ... 
December  ... 

Ibe. 
4'oo 
3*oo 

2*00 

X-85 

3*44 
470 

2*60 

2*50 

2*50 

2-34 

'•95 
2-35 

lbs. 

2*10 

io'69 

s 

J 

1 

1 
i 

5 

Ibe. 

0*93 
2-85 

2*28 

0*29 

o*99 

0-37 

1-56 

115 

0*50 

o'68 

0*91 

o'65 

lbs. 

2*20 
4-46 
0*38 

1*35 
179 

»'34 
2'o8 
1*96 
0*85 
0*50 

0*27 

0*40 

lbs. 
076 
0-93 
0-53 
o'5i 
0-66 
2*48 
2*23 
2-34 
2*50 
0-95 
0-94 
0-85 

Ibe. 

X^IO 

1*88 

i'59 

078 

'•34 
2*52 

228 

2*6o 

179 

083 
071 

I -03 

lbs. 
ri3 
0-63 
0*63 

2-49 
1-31 

248 

2*05 

2'20 
2*06 
0*84 
0*42 
049 

lbs. 
x'69 
2-29 

1-23 
X'2I 

1-59 

2*48 
2*13 
2'ia 

170 
i*oa 
0-87 
0*96 

Yearly  mesnB 

277 

I'lO 

^'SS 

1-31 

1*54 

1-39 

i*6i 

Table  XXX. — Showing  the  Greatest  Force  of  the  Wind,  in  Pounds*  Pressure 
on  the  Square  Foot,  and  the  Dates,  iu  each  Year. 


Years  

1860. 

1861. 

1862. 

1863. 

1864. 

1866. 

1866. 

Means. 

Iffaiimnm  \ 
torod      J 

lbs. 
i8'o 

Ibe. 
40:0 

lbs. 

12-5 

lbs. 
36'© 

lbs. 
87 

lbs. 
13-5 

lbs. 
135 

lbs. 
ao*3 

Data  ......{ 

V 

2ISt 

June. 

15th 
Feb. 

26th 
Feb. 

20th 
Feb. 

2nd 
July. 

2I8t 

Feb. 

i6th 
April. 

5th 
April. 

Tabie  XXXI. — Showing  the  Mean  Estimated  Extent  of  Cloud  for  each  Ob-" 
Bervation  Hour,  as  derived  fix)m  Six-hourly  Observations  taken  daily 
during  Seven  Years  (1860-66),  10  being  ta^cn  for  an  entirely  overcast 
8ky,  and  0  for  an  entirely  cloudless  sky. 


Hours. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Means. 

3ii.M 

9iAJf.  

yi  r.K.   « .  •  • . . 

41 
60 

67 
4-0 

4-0 

57 
6-1 

3-5 

2*9 

51 
5-8 

30 

3'o 

5*5 
57 
3-0 

3-6 
5-6 
6-3 

3*5 

4-0 

5'9 
6-4 

37 

4*3 
57 
6-3 

37 
5-6 

6-2 

3'5 

Means    

5-a 

4-8 

4» 

4'3 

47 

5-0 

5'o 

47 
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Table  XXXlII-^howing  the  Mean  Extent  of  doud,  in  each  Month  and 
Year,  &oni  1860  to  1866,  both  incluslYey  10  being  taken  for  an  entirely 
overcast  ^y,  and  0  for  an  entirely  cloudless  sky. 


Months. 


January , 

February   .... 

March    

April 

^y   

June 

July    

August  , 

September ... 

October 

November  ... 
December  ... 

Yearly  means 


1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Montlily 
means. 

6o 

1** 

5'3 

47 

S't 

4*6 

6-1 

5*4 

67 

6-9 

53 

7*1 

6*1 

5*5 

5'« 

5*9 

4-6 

53 

4*5 

5*8 

40 

5'2 

47 

4-9 

4*4 

5*o 

3*4 

4*0 

5-a 

3*8 

5-6 

4*5 

49 

5» 

39 

2*9 

4*0 

49 

43 

4*6 

4a 

2*8 

3*1 

3*8 

4*5 

40 

59 

41 

3*5 

4-a 

4'5 

4"a 

4*3 

4-6 

4-3 

4*a 

3-5 

4-9 

4-8 

♦•9    , 

'st 

39 

3-8 

39 

4*9 

f9 

4*3 

37 

57 

4-5 

4*2 

6-3 

5*1 

4*8 

4* 

4» 

3» 

5a 

4*2 

43 

57 

45 

37 

4-8 

S'o 

7*3 

49 

5"» 

5a 

4-8 

4*2 

4*3 

47 

5-0 

S'o 

47 

Table  XXXIII. — Showing  the  Amount  of  Eainfall,  in  inches,  for  each 
Month  and  Year,  from  1860  to  1866,  hoth  inclusiye. 


Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Monthly 
means. 

Deriatioi 
from 
mean. 

January 

February    . . . 

March    

April 

in. 
14*65 

U-55 
758 

1*25 

1*33 
0*45 

0*85 

2*18 

0*38 

0-53 

o*i6 

2*27 

in. 

5*37 

46-57 

2*48 

323 

373 
0-87 
o*45 
1*84 
o*oo 
0*03 
2-15 
2*04 

in. 

4*02 

4-69 

597 
184 

676 

0*58 

o-6o 

1*09 

0*31 

0-59 

o-8i 

113 

in. 
9*48 
10-95 

3'43 
1*49 

0*71 

171 

073 
0*29 

0*72 

i*i8 

o"35 
2*37 

in. 
2*32 

575 
2*99 

1-92 

0*51 

0*31 

1*47 

394 
o*37 

083 

1*90 

1*83 

in. 
3*27 

»5*54 
3*17 
077 

0'22 
0*78 

2*35 
328 
o*6o 
0*82 
184 
12*09 

in. 

5-41 
a-54 
3-8i 

478 
i"i6 

0*37 
0-36 

0-73 
0-37 

0*24 

O'OO 

079 

in. 
636 
14-23 

4'20 

2*18 

2*06 
0*72 

097 

1*91 

0*39 
o'6o 

1*03 

3*22 

in. 

+  yio 
+11*07 

+  rc4, 

-  0*9 J 1 

-  no 

-  a-44 

-  2-19 

-  i'»5 

-   2*77! 

-  2-56 

-  213 

-1-  006 

J^y   

June  

July   

•;     /     

August   

September... 

October 

NoTCmber  ... 

December  ... 

Fall  for  year 

45-18 

6876 

2839 

33-41 

24-14 

44*73 

20"56 

3787 

Deyiation  1 
from  mean  j 

+7'3i 

4-30-89 

-948 

-4-46 

-13*73 

+6*86 

-17-31 

3-16 

The  rain-gauge  is  40  feet  ahovo  the  groimd ;  the  mouth  of  the  receiver  is 
20  by  10  inches ;  and  the  rain  is  conducted  by  a  leaden  tube  to  a  room  iilj 
the  Observatory, 
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Showing  the  Greatest  Rainfall,  in  inch£s]Q)4'^y\Bi£  o^y  1  i  ^ 
in  each  Year,  with  the  Date.        \v     />  r ,»        ^  •  V  • 


:< 


Years. 


Gnatest  rainfall 'I 
in  24  hours      j 


Bate 


\ 


1860. 


in. 


26th 
Jan. 


1861. 


m. 
10*00 


15th 


1862. 


in. 


25th 
May 


1863. 


in. 
3*17 


I3tli 
Jan. 


1864. 


in« 
»"4S 


nth 
Feb. 


1865.    1866. 


in. 


7-46 


12th 
Feb. 


in. 
1-72 


24th 
Mar. 


Means. 


uu 
4-84 


26th 
Feb. 


Table  XXXV. — Showing  the  Annual  Rainfall,  in  inches,  at  different 
Stations  in  Mauritius,  from  1862  to  1866,  hoth  inclusive. 


Stationa. 


Flitlaland    

Gros-CaiUoux    

Port  Louis 

MontChoisy 

LesBochers  

Botanical  Oardens... 

Labourdonnais 

Lucia 

Croftran-Kigh   

Beau  S^jour 

Trianon 

The  Braes 

Mesnil   

Esperanoe 

LaCHiet^  

Cluny     

OrosBoie 

BeauVallon 

StAubin  


1862. 

1863. 

in. 

in. 

28*02 

36-54 

15-35 
28-39 
41-56 
41*84 

33-35 
33-41 
5466 

64*27 

52-23 
60*71 

70-72 
67-87 

69*07 

99-76 
8066 

59-51 

81*09 

122-54 

14709 

in. 


24-17 
24*14 
48-89 
42-65 

51-55 

57-25 

57*94 
56-61 

56*60 

48*58 

70-59 


122-48 
83-36 


1865. 

1866. 

Means. 

in. 

in. 

in. 

36-57 

20*72 

28*03 

4^73 

20*56 

30-24 

67-53 

45-05 

5»-54. 

60-95 

85-37 

87*63 

101-56 

40-81 

50-29 
51-84 

50*10 

63*62 
67-98 

79*4^ 

40*68 

87*12 

4456 

71*42 

81-19 
7877 

43-24 
48-70 
67-67 

6773 

H7-74 

8802 

97-55 

57-77 

192*45 

129-42 

142*80 

135*21 

70*24 

10085 

5105 

115*61 

70*51 

It  may  be  proper  to  mention  that,  with  the  exception  of  Port  Louis,  Mont 
^Tioisy,  Les  Rochers,  the  Botanical  Gardens,  Labourdonnais,  Mesnil,  and  La 
^utte,  all  the  stations  are  supplied  with  rain-gauges  of  the  same  form  and 
iWjTiz.,  Glaifiher's  rain-gauge  as  made  by  Negretti  and  Zambra.  Except 
&t  Port  Louis  and  La  Gaiete  the  gauges  are  placed  on  the  ground. 
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Table  XXXVI. — Showing  the  number  of  Days  on  which  Lightning  was 
seen,  or  Thunder  heard,  in  each  Month  and  Year,  &om  1860  to  1866, 
both  inclusive. 


Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

Means. 

January 

9 

I 

lO 

3 

I 

lO 

2 

2 

3 

I 

2 

8 

4 

2 

4 

I 

II 

9 

13 
6 

I 

6 

7 

2 

10 
5 

I 
2 

II 

3 

2 

2 

2 

2 

2 

8 

10 

5 

I 



■••... 

. 

6*6 
60 

5'9 
4-6 

17 

February   

March    ...<...«.... 

April 

May    

June  

July  

August  

September 

October 

November 

o*i 

0-8 
0-7 

Deoember  ....<«<.. 

Totals 

24 

20 

»9 

40 

33 

22 

26 

26*4 

Table  XXXVn. — Showing  the  Mean  Values  of  the  principal  Meteorological 
Elements  for  each  Observation  Hour,  derived  from  Six-hourly  Observa- 
tiona  taken  daily  during  Seven  Years  (1860-66). 


Hours. 

Tempe- 
rature of 
air. 

Atmo- 
spheric 
pressure. 

Vapour- 
pressure. 

3^A.M.    ... 
3|P,M.     ... 

9^  P.1I.   ... 

75-50 

77*59 
78-99 

76*36 

in. 
30*038 

30*086 

30*015 

30*085 

in. 
-646 

•654 

•658 

•652 

Means    ... 

77-11 

'30-056 

-652 

Dry 
pressure. 


in. 
29-392 

29-432 

29*357 

29433 


29-404 


Humidity 
100—0. 


Estimated 

force  of 

wind, 

in  lbs. 


737 
70*0 

67*3 

72-6 


70-9 


lb. 
0*41 

0*48 

0-45 
0-39 


o*43 


Amount  1 
of  cloud 
JO— 0. 


37 
5-6 

6*i 

47 


It  appears  from  Table  XXXVII.  that  the  march  of  tho  dry  pressure  is 
similar  to  that  of  the  total  at  atmospheric  pressure,  the  rise  and  fall  for  both 
being  as  follows ; — 

Period. 
3J  A.M.  to  9J  A.M. 
9|  A.M.  to  3|  P.M. 
3|  P.M.  to  9^   P.M. 
9|  P.M.  to  3^  A.M. 


Total 

Dry 

Pres. 

Pres. 

+  •048 

+  *040 

-•071 

•075 

+  •070 

+  •076 

—047 

-•041 

ON  THE  METCOEOLOOT  OF  POET  LOUIS. 
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Tifiis  XXXYin. — Showing  the  Means  of  the  principal  Meteorological 
Elements  for  each  Hour  of  the  Day,  derived  from  Hourly  Observations 
t&ken  on  the  2l8t  of  every  Month,  from  1868  to  1866,  both  inclusive. 


Hours. 


6ajl  ... 

7 
8 

9 

10 

II 


fi 


ft 


M 


»  .  • 

•  •• 

•  •• 


ff 

Noon . 

XP.M. 

2 


3 
4 

5 

6 

7 
8 


tf 

M 
f* 
»» 
I* 
>l 
f> 

n 
» 


Tempe- 
rature of 


air. 


9 

10 

II 
ICdnighi.. 

I  A.X. 

»  » 

3       M 

4  » 

5       M 


Jkilj 

mSKOE 


}... 


75*55 
75*77 

7654 
77-11 
7812 
7892 
7918 

79'43 
79*36 

79*22 

78*86 

78*22 

77*6i 

77*08 

76*76 

7646 

76-31 

76*19 

7596 

75*«9 
75*8» 

757* 
7571 
75*59 


Atmo- 

■pherio 

pr68faro. 


77' 14 


in. 

30*060 
30*071 
30*082 
30*090 
30*087 
30*075 
30059 
30*039 
30*025 
30*017 
30*020 
30*030 

30-044 
30*060 

30*074 

30*084 

30*086 

30*081 

30*072 

30*059 

30*047 

30*039 

30-037 

30*043 


Vapoup- 
preamire. 


m. 


•628 

•<33 
'642 

'640 

*645 

•644 
•646 
*646 
.644 

•634 
•636 

•634 

•633 

•634 
•634 

•632 

*63i 

•629 

•630 

'629 

*625 

*62I 

*623 


Dry 
preiBure. 


30*057 


*635 


in. 

29*432 

29438 

29*440 

29*450 

»9*443 
29*430 

29*415 
29-393 

29379 
29-373 

29386 

*9*394 
29*410 

29*427 

29*4^0 

29*450 

»9'454 
29-450 

49*443 
29*429 

29*418 

29414 

29*416 

29*420 


Humidity 
joo—o. 


29*422 


69*8 
69*8 
69*5 
67*6 
66*0 
65*0 
63*9 
636 
64*0 
639 
638 
65*1 
66*3 

674 
68*1 

68*6 
68*9 
69-1 
693 
69*7 
699 
696 
69*0 
69*6 


Estimated 

force  of 

wind. 


67*4 


lb. 

0'20 
0*30 
0*18 
0*25 
0*30 
0-31 
030 
0*30 
0*40 
0*26 
0*25 
0*25 
0*22 
0*30 
0*23 

o'i8 
0*17 
0*19 
0*19 
0*23 
0*25 
0*23 
0*26 
0-20 


0*25 


Table  XL  *. — Showing  the  Means  of  the  Extreme  Bange  of  the  principal 
Meteorological  Elements  for  each  Month,  derived  from  Six-hourly  Ob- 
servations taken  daily  from  1860  to  1866,  both  inclusive. 


Months. 

Tempe- 
rature of 
air. 

Atmo- 

■pherio 

pressure. 

Vapour- 
pressure. 

Humidity 
100—0. 

tTanusry 

12*55 

I2*|6 

11-83 
12*80 

13'53 
12*67 

10*78 

11*36 

11 '80 

11*36 . 

13*09 

»3*59 

in. 

0*436 
0*527 
0*448 
0*263 
0*280 
0*322 
•    0*290 
0*288 
0*293 
0*307 
0*251 
0*312 

in. 
•265 
•250 
•270 
•268 
*276 
'268 

*222 
*22I 
•213 
*233 
*229 

•*37 

30*9 
31*9 
29*0 
26*8 
27*9 

28*2 
28*0 
30*4 
26*8 
27.9 

27*3 
28*8 

Febniarv 

Marfh    .•■....,....... 

April 

Maj   „, 

JtinA    ...,.....,,,. 

July    

^    /    • 

Auimst  

B^tember 

Odober  • 

Norembcr 

December  

Yeiurly  means    ...... 

12*^9 

0*335 

*246 

28*7 

*  T&bles  ^xxix.  and  XL*  have  been  transposed  in  order  to  save  space. 
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TiBU  XU. — Showing  the  Highest  and  Lowest  Yalues,  and  the  Extreme 
Banges,  of  the  principal  Meteorological  Elements  for  each  Year,  from  1860 
to  1866,  both  inclusive,  with  the  Epochs  of  Maximum  and  Minimum. 
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On  the  Construction  and  Works  of  the  Highland  Railway.  By  Joseph 
Mitchell,  F.K8.E.,  F.G.S,,  C.E.,  and  Member  of  the  Institution 
of  (^vil  Engineers. 

This  title  represents  the  union  of  several  Companie9  in  the  north  of 
Scotland,  amalgamated  three  years  ago  under  the  name  of  the  Highland 
Kailwaj  Company.  The  works  consist  of  a  main  line  from  a  point  near 
Perth,  extending  northward  117  miles  to  the  town  of  Forres,  and  a  base- 
line ronning  nearly  at  right  angles  to  the  other,  extending  westwards  from 
the  town  of  Keith  by  Elgin  and  Porres  along  the  shores  of  the  Moray  Firth 
to  luTemess,  and  thence  along  the  Beauly,  Dingwall,  and  Dornoch  Firths, 
northwards  to  Bonar  Bridge,  measuring  from  Keith  to  Inverness  55  miles, 
and  from  Inverness  to  Bonar  Bridge  58  miles,  and  making  together  a  base- 
line of  113  miles.  These  railways  traverse  the  northern  part  of  Perthshire, 
and  are  the  main  lines  of  communication  through  part  of  Banffshire  and 
the  counties  of  Inverness,  Nairn,  Moray,  and  Koss,  the  whole  including  three 
branches — two  to  the  ports  of  Burghead  and  Findhom  in  Morayshire,  and  the 
other  to  the  village  of  Aberfeldy  in  Perthshire— and  extending  to  246  miloB 
length. 

The  country  is  fertile  and  comparatively  flat  for  a  distance  of  about  40 
miles  north  of  Perth,  and  also  along  the  shores  of  the  Moray,  Dingwall,  and 
Dornoch  Firths ;  but  between  Perthshire  and  Morayshire  the  line  crosses  two 
ranges  of  the  Grampian  Mountains,  the  one  separating*  the  valley  of  the  Tay 
from  that  of  the  Spcy,  and  the  northern  range  separating  the  Spey  from  tbe 
YaUey  of  the  Findhom. 

The  large  rivers  which  drain  these  mountain-regions  debouch  into  tbe  Tay, 
the  Moray,  the  Dingwall,  and  the  Dornoch  Firths,  and  as  the  railway  in 
most  cases  crosses  these  rivers  near  the  sea,  bridges  of  considerable  magnitude 
were  required.  Besides  the  crossing  of  these  rivers,  other  difficulties  of  a 
formidable  character  arose  in  crossing  the  mountains  at  so  great  an  eleva<« 
tion,  and  in  passing  the  rocky  and  precipitous  defiles  through  which  portions 
of  the  line  had  to  run. 

The  northern  counties  traversed  by  these  railways,  except  along  the  shores  of 
the  Firths,  are  chiefly  pastoral,  exporting  large  numbers  of  sheep  and  catUe. 

The  fisheries  also  are  on  an  extensive  scale ;  besides  the  salmon  fisheries 
in  the  rivers,  tbe  annual  take  of  white  fish  in  tbe  Moray  Firth  amounts  to 
about  60,000  tons. 

The  object  of  the  promoters,  therefore,  was  to  sweep  the  fertile  shores  of 
the  Moray  Firth,  and  to  send  the  produce  of  the  country  by  the  most  direct 
route  to  Perth,  across  the  mountains,  thus  saving  a  detour  by  Aberdeen  pf 
nearly  60  miles.  In  laying  out  the  main  line  and  crossing  tiie  Grampiant 
between  Perth  and  Forres,  long  and  steep  inclines  could  not  be  avoided,  but 
there  is  no  steeper  gradient  than  1  in  70  throughout.  The  line  to  Blaiii 
36  miles  from  Perth,  rises  only  443  feet  above  the  level  of  tbe  sea,  but  from 
Blair  to  the  summit  of  the  southern  range  of  the  Grampians,  a  distance  of  17 
^es,  the  line  rises  1045  feet,  making  the  extreme  summit  1488  feet  above 
the  sea.  In  this  distance  there  are  gradients  for  10  continuous  miles  of  1 
in  72  and  1  in  70,  and  in  the  remaining  7  miles  the  inclines  vaiy  from  1  in 
78  to  1  in  110.  After  passing  this  summit  the  line  descends  into  the  valley 
of  the  Spey,  falling  747  feet  in  18  miles,  the  steepest  gradient  being  1  in  80. 
On  croflsing  the  Spey,  the  line  is  comparatively  level  for  a  distance  of  24  miles, 
when  it  again  ascends  by  gradients  of  1  in  84,  80,  and  100,  in  order  to  pass 
the  northern  ridge  which  separates  the  valley  of  the  Spey  from  that  of  tb9 
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Findhom.  This  summit  is  1046  feet  above  the  sea-level.  It  afterwards  de- 
scends to  Forres  (the  point  of  junction  with  the  base-line)  by  gradients,  the 
steepest  of  which  are  1  in  70  for  8  miles,  and  1  in  76  for  4  miles. 

In  this  length  of  the  main  direct  line  of  104  miles,  there  are  two  small 
tunnels,  one  of  350  yards  near  Dunkeld,  and  the  other  in  the  Pass  of  Killie- 
crankie  of  110  yards  in  length,  both  constructed  very  much  with  the  view  of 
avoiding  injury  to  the  adjoining  scenery. 

The  principal  difficulties  that  arose  in  laying  out  the  line  were  in  passing 
through  the  narrow  defile  at  Dunkeld,  the  beautiful  demesne  of  the  Duke  of 
Athole,  and  again  in  penetrating  through  the  picturesque  Pass  of  Killiecrankie, 
where  the  mountains,  as  it  were,  close  in  upon  each  other  for  a  great  height ; 
likewise  in  passing  along  the  narrow,  precipitous,  and  rocky  valley  of 
the  Garry,  close  to  a  large  and  rapid  mountain-stream ;  also  the  Park  at 
Castle  Grant,  and  the  defile  at  Huntley's  Cave  near  Grantown.  These 
points  in  particular  required  much  study,  with  repeated  trial  and  contonr 
levels,  so  as  to  obtain  a  knowledge  of  the  precise  formation  of  the  ground, 
and  to  choose  the  best  direction  at  the  lowest  possible  cost.  At  the  Pass  of 
Killiecrankie  the  banks  were  so  precipitous  and  steep  that  the  line  had  to  be 
supported  by  breast  or  retaining  walls  to  the  extent  of  690  lineal  yards,  and 
to  the  average  height  of  26  feet,  the  extreme  height  of  one  being  65  feet ; 
and  in  order  to  carry  the  railway  at  the  narrowest  point  in  the  Pass  where 
the  precipices  close  in,  as  it  were,  on  either  side,  and  afford  scarcely  any  ad- 
ditional space  beyond*  that  occupied  by  the  channel  of  the  river,  instead  of 
supporting  the  lino  by  breastwalls,  it  was  deemed  prudent  to  construct  a 
viaduct  of  10  arches,  60  feet  above  the  river,  which  with  a  tunnel  at  the 
north  end  carries  it  successively  through  the  Pass.  At  two  other  points  on 
the  line,  in  running  up  the  sides  of  the  Garry,  breastwalls  had  to  be  formed, 
Respectively  94  and  35  yards  in  length,  and  15  feet  in  average  height.  All 
these  breastwalls,  extending  to  1650  lineal  yards,  are  built  with  lime,  and 
set  on  a  solid  foundation  of  dry  gravel  or  rock,  at  right  angles  to  the  face  of 
the  wall,  which  batters  at  the  rate  of  1^  inch  to  the  foot. 

The  spaces  behind  the  walls  are  filled  with  rubble  stones,  set  by  hand  for 
10  feet  wide,  and  farther  back  with  dry  gravel,  it  being  important  that  all 
earth  or  clayey  substances  should  be  excluded.  The  writer  prefers  the  curved 
to  the  straight  batter,  as  it  gives  more  effectual  resistance  if  well  built ;  bat 
breastwalls  are  to  be  avoided  wherever  earth  embankments  can  be  substi' 
tuted,  as,  in  his  experience,  there  are  subtle  influences  in  the  Scottish  climate 
of  alternate  frost  and  wet  in  winter,  which  operate  imperceptibly  to  their 
destruction,  and  they  require  careful  and  constant  inspection.  Except  where 
those  breastwalls  became  necessary,  the  whole  of  the  lines  were  formed  in 
cuttings  and  embankments,  and  for  considerable  distances  along  the  slopes  of 
valleys.  Where  the  ground  was  precipitous  or  irregular  in  the  cross 
section,  level  benchings  were  formed,  10  feet  in  width,  immediately  under- 
neath the  permanent  way,  in  order  that  the  sleepers  should  have  an  equal 
and  solid  bearing  throughout. 

In  running  through  so  large  an  extent  of  mountainous  country,  the  line, 
as  might  be  expected,  had  to  pass  over  some  lengths  of  soft  ground  and 
morass.  The  principal  of  these  were  for  two  miles  near  the  town  of  Nairn, 
also  for  about  two  miles  near  Keith,  one  mile  on  Dava  Moor,  and  about  a 
mile  in  crossing  through  a  hollow  at  Drumochter  on  the  summit  of  the 
Grampians.  In  all  places  where  the  ground  was  particularly  soft,  a  uniform 
mode  of  treatment  was  adopted.  Two  parallel  drains  were  first  cut  outside 
the  fences,  about  50  feet  apart,  &om  4  to  6  feet  deep,  and  with  slopes  of  1 
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to  1.  This  dndned  off  the  sorfaoe- water ;  and,  afiler  makitig  up  the  holes 
and  other  irregnlaxitieB  of  the  Boi&uce  with  turf ^  the  space  for  the  railway  to  a 
breadth  of  about  15  fSset  was  oovered  with  two  or  three  layers  of  swarded 
or  heather  toif,  having  the  sward  side  of  the  lower  layer  undermost,  and 
that  of  the  top  layer  up,  the  joints  breaking  band.  In  this  way  a  good  sus* 
taiidng  snr&ce  has  uniformly  been  obtained*.  On  this  bed  of  turf  the 
ballast  was  laid  for  2  or  3  feet  in  depth.  This  was  quite  sufficient  to  support 
the  traffic,  but  as  in  some  esses  the  bed  of  moss  was  from  20  to  30  feet  in 
depth,  the  railway  merely  floated  on  the  surface,  and  was  in  the  first  instance 
undulating,  and  yielded  in  some  parts  from  3  to  4  inches  under  the  weight 
of  the  engines  passing  over.  To  obviate  this  undulation  longitudinal  beams 
of  timber  were  tried  at  oue  place,  30  to  40  feet  long,  below  the  sleepers,  but 
tbis  was  found  objectionable,  as  rendering  it  more  diJficult  to  raise  or  repair 
the  surface  of  the  road ;  and  an  additional  sleeper  (making  the  sleepers  2 
feet  6  inches  from  centre  to  centre,  instead  of  3  feet)  was  found  preferable. 
There  was  nothing  for  it,  at  the  worst,  but  to  lift  t^e  road  every  other  week 
IS  it  sank,  until  it  had  acquired  a  solid  bearing.  In  many  places  we  had  to 
lay  on  4,  5,  or  6  feet  in  d^th  of  additional  gravel,  and  in  one  plaee  no  less 
than  27  &et,  befbre  the  road  became  solid.  In  the  course  of  two  or  three 
years,  however,  with  due  attention,  the  rails  being  fished,  the  lines  through 
tbese  mosses  were  all  that  could  be  desired  for  solidity  and  permaneBoe. 

As  the  writer  has  said,  in  crossing  so  many  mountain^vers,  bridges  of 
magnitude  had  to  be  constructed,  involving  considerable  varieties  of  execution. 
The  principal  of  these  bridges  may  now  be  described,  and  any  peculiarity 
vill  be  noticed  which  may  have  arisen  during  the  progress  of  the  works.  It 
will  be  observed  that  the  beds  of  the  rivers  in  the  north  of  Scotland  difier  in 
many  respects  from  what  is  common  in  England,  consistii^  frequently  of 
depdis  of  10  or  12  feet  of  gravel  and  boulders,  the  solid  and  ccoapacted  debris 
of  BDCcessive  floods,  below  which,  if  the  country  is  €f  rocky  formation,  there 
is  usually  hard  day,  and  then  rock,  or,  as  in  one  case  at  the  mouth  oi  the 
Biver  Keas,  after  penetrating  12  feet  of  shin£^e  and  boulders,  a  aort  of  ad- 
Buxture  of  whitish  clay  and  suid  was  obtained.  In  some  oases  we  had  to 
deal  with  soft  day  and  mud  of  great  depth,  but  these  were  exceptions.  "Not 
was  it  possible  in  general  to  ascertain,  by  boring,  the  {precise  nature  of  the 
foundations,  because  many  of  the  boulders  in  the  gravd  were  of  large  size, 
and  were  often  mistaken  fi»r  rock.  The  only  way  in  which  an  approximate 
knowledge  of  the  foundations  could  be  obtained  was  by  driring  iron  rods  at 
Tarious  ^aces,  and,  when  the  bed  of  the  river  admitted  of  it,  wooden  piles, 
i^till  we  worked  very  much  in  the  dark ;  but  the  writer's  long  experience  of 
tiiese  rivers,  and  of  the  nature  of  their  floods,  was  of  great  advantage  in 
enabling  him  to  fix  the  depth  of  the  foundations  and  the  precise  description 
of  works,  to  secure  the  necessary  stability  of  construction.  In  only  two  or 
tiiree  eases  was  there  any  fear  of  sinking.  What  had  chiefly  to  be  guarded 
^;aiDat  was  sudden  and  impetuous  floods,  sometimes  accompanied  with 
floating  ice  and  trees,  undermining  the  foundations  and  damaging  the  piers ; 
it  was  therefore  important  to  provide  ample  waterway.  The  construction  of 
tb«8e  bridges  ranged  over  twdve  years,  and  during  that  time  there  has  been 
considerable  changes  in  bridge  building,  by  the  adoption  of  iron  cylinders  for 
pien,  and  lattice  girders  in  spanning  the  waterways,  so  that,  as  the  works 
piogressed,  these  improvements  were  adopted  where  found  sxdtable. 

*  Had  this  plan,  which  the  writer  has  found  to  answer  so  well  both  for  roads  and 
n3««7B,  been  adopted  in  the  clayey  ground  at  Balaklayain  the  Crinaeo,  a  good  road  might 
Mw  wen  formed. 

1867.  M 
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In  planning  these  "works,  the  writer,  while  having  every  regard  to  economy 
felt  the  importance  of  their  being  of  the  most  substantial  character,  seeing 
that  they  were  exposed  in  these  districts  to  every  vicissitude  of  climate  anc 
flood;  but  indeed  he  feels  that  all  permanent  public  works  involving  th( 
safety  of  the  lives  of  the  community  should  be  of  undoubted  stability.  Or 
the  whole  system  there  are  only  throe  timber  bridges,  which  he  was  forcec 
to  adopt,  chiefly  with  a  view  to  save  time,  but  these  are  very  substantial  o: 
their  kind.  All  the  other  bridges  are  constructed  of  stone,  and  where  iroi 
is  adopted  the  piers  are  in  general  constructed  of  masonry. 

The  iron  work  of  the  bridges  on  all  these  lines  were  constructed  by  Messrs 
Fairbaim  and  Sons  of  Manchester,  for  about  £20  per  ton  on  the  average; 
and  are  admirable  specimens  of  workmanship  in  this  department. 

Accompanying  this  paper,  the  writer  furnished  the  working  drawings  ol 
fourteen  of  these  bridges,  with  the  sections  and  dimensions  in  detail.  Thei 
exhibit  a  variety  of  forms  suited  to  the  localities  in  which  they  are  built. 

No.  1  is  an  iron-girder  bridge  across  the  Tay,  6  miles  north  of  Dunkeld, 
with  stone  abutments  and  pier,  constructed  on  platforms  and  piles  in  the 
usual  way.  The  banks  are  low,  and  the  river  is  spanned  by  two  openings, 
one  of  210  feet,  and  the  other  of  141  feet.  The  cost  of  this  work  was 
jC20,395.  Extreme  length  515  feet;  height  above  the  bed  of  the  river 
67  feet ;  cost  per  lineal  foot  X39  12«. 

Nos.  2  and  3  are  the  most  recent  bridges  erected  by  the  writer ;  and  here 
he  has  taken  advantage  of  the  modem  plan  of  using  cylinder  piers  to  cany 
the  girders.  '  Both  bridges  are  constructed  in  the  same  manner,  and  on  the 
same  principle.  The  cylinders  form  the  piers  in  the  centre  and  abutments. 
Each  cylinder  is  8  feet  in  diameter,  and  has  been  sunk  into  the  bed  of  the 
river  27J  feet  in  their  extreme  depth,  by  means  of  divers.  When  these  cy- 
linders were  adjusted  and  brought  to  the  full  depth,  about  3  feet  of  cement 
concrete  was  lowered  into  the  bottom.  On  the  concrete  setting,  the  water 
was  pumped  out,  and  the  interior  filled  in  with  rubble  maaonry,  laid  with 
Portland  cement.  To  provide  for  extreme  floods,  two  side  openings  were 
made,  41^  and  35  feet  span,  of  plate  girders,  one  end  resting  on  the  masonry 
in  the  cast-iron  cylinders,  and  the  other  on  a  stone  abutment  landward,  secured 
on  a  platform  and  piles.  These  bridges  answer  their  purpose  very  satisfactorily. 
The  cost  of  No.  2  bridge,  which  consists  of  two  openings  of  122  feet,  and  two 
side  openings  of  35  feet  span,  was  Xl  1,156.  Total  length  of  No.  2  350  feet ; 
cost  per  lineal  foot  £31 17s,  6d, ;  height  above  the  bed  of  the  river  36  feet 

The  cost  of  No.  3  bridge,  consisting  of  two  openings  of  137  feet  span,  and 
two  side  openings  of  41|  feet  span,  ihe  cylinders  being  sunk  into  the  bed  of 
the  river  25  feet,  amounted  to  X13,772.  Length  of  No.  3,  419^  feet ;  cost 
£S2  16s.  7d,  per  lineal  foot ;  height  above  the  bed  of  the  river  49  feet. 

No.  4  is  the  viaduct  in  the  Pass  of  KilUecrankie  already  alluded  to.  It 
consists  of  10  arches  of  35  feet  span,  with  an  extreme  height  firom  the  foun- 
dations to  the  top  of  the  parapet  of  54  feet,  and  is  built  with  a  curve  of  '20 
chains  radius.  The  Pass  of  Eilliecrankie  is  a  well-known  object  of  picturesque 
beauty,  and  it  is  generally  admitted  that  the  railway,  now  that  the  slopes 
have  attained  their  proper  verdure,  has  in  no  way  diminished  its  attractions. 
Indeed  this  viaduct  is  thought  to  give  it  additional  interest.  The  cost  was 
£5720.  It  is  adapted  to  the  single  line,  and  is  17  feet  in  width  over 
parapets.    Length  508  feet ;  cost  per  lineal  foot  XI 1  5s, 

No.  5  is  a  viaduct  across  the  Eiver  Tilty  near  Blair  Athole,  spanning  the 
river  by  one  wrought-iron  girder  of  150  feet.  The  abutments  are  of  stone, 
laid  three  feet  below  the  bed  of  the  river  on  a  platform  of  timber  6  incb^ 
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thick  secnred  to  piles.  As  it  is  situated  close  to  BMr  Gastley  it  lue  bea 
made  somewhat  more  ornate  than  was  otherwise  necessaiy.  The  ooet  d 
this  bridge  is.  £6500,  being  for  a  dingle  line.  Length  256  feet;  om 
jC25  7«.  9d,  per  lineal  foot ;  height  above  the  bed  of  the  river  40  feet 

No.  6  is  a  bridge  across  the  River  Oarry  at  Calvine  of  3  spans,  one  6 
80  and  two  of  40  feet,  and  is  65  feet  from  the  bed  of  the  river  to  the  tope 
the  parapet.  There  was  considerable  difficulty  in  fixing  the  crossing  of  tL 
river  at  this  place.  The  Garry  is  here  a  large  and  rapid  monntain-stressi 
on  a  rocky  bed,  with  several  falls  immediately  adjoining,  running  throaglis 
ornamental  plantation,  and  as  this  was  a  spot  of  interest  in  the  grounds  ^ 
Blair  Castle,  we  were  precluded  from  crossing  the  river  at  any  oth&  pcis 
within  the  demesne.  It  occurred  to  the  writer,  however,  as  the  road-bridg 
passed  over  about  the  narrowest  part  of  the  river,  the  object  aimed  at  could  b 
effected  both  economically  and  unobjectionably  byspanning  both  road  and  riTo 
thus  forming  an  object  of  additional  interest  in  this  peculiar  locality.  The  eci 
of  this  bridge  was  ;£5100.     Length  274  feet ;  cost  per  lineal  foot  J£18 125  ' 

No.  7  is  a  bridge  of  no  particular  interest,  80  feet  span,  crossing 
River  Didnain,  a  mountain-stream  near  Grantown,  but  is  given  as  a 
of  a  substantial  bridge  of  this  size.     The  cost  was : — Masonry  ^2238 ; 
work  X1060.    Total  £3298.    Length  148  feet ;  height  27  feet ;  cost 
lineal  foot  £22  5«.  6<^. 

No.  8  is  a  viaduct  crossing  a  picturesque  ravine  and  stream  called 
Divie^  10  miles  south  of  Forres.     Its  length  is  477  feet,  constructed  for 
single  line,  and  the  cost  amounted  to  £10,231.    It  is  106  feet  in  height 
the  river-bed  to  the  top  of  the  parapet,  and  16  feet  in  width ;  all  the  pi 
within  the  limits  of  the  stream  are  foimded  on  rock.    It  consists  of 
arches  of  45  feet  span  each.     Cost  per  lineal  foot  £21  9«. 

These  viaducts  constitute  the  principal  works  on  the  through  line  betwM^ 
Perth  and  Forres.  The  writer  will  now  proceed  to  allude  briefly  to  tin 
principal  works  on  the  coast-line  between  Keith  and  Bonar  Bridge. 

The  portion  from  Keith  to  Inverness  being  one-half  the  distance  of  tU 
railway  from  Aberdeen  to  Inverness,  the  capital  of  the  Highlands,  extendi 
to  55  nules  in  length.  It  may  be  stated  that  this  portion  from  Inverness  ti 
Keith  originally  formed  part  of  the  Great  North  of  Scotland  Bailway,  the  ^ 
for  which  was  obtained  in  1846,  but  pecuniaiy  difficulties  prevented  tb( 
promoters  from  constructing  this  part  of  their  scheme,  involving,  as  it  was  th 
supposed,  the  construction  of  very  heavy  work  in  the  neighbouifaood  of 
Biver  Spey,  and  it  was  eventually  left  to  the  Highland  Companies  to  carry  it  oi 
There  is  a  deep  and  precipitous  ravine  on  the  south  ride  of  the  Spey 
with  flat  meadows  on  fiie  north  side,  and  the  original  plan  of  the  Greil 
North  of  Scotland  Company  was  to  cross  the  river  at  a  gradient  of  I  '^ 
90  with  a  high  viaduct,  with  expensive  works  in  the  ravine,  at  a  cost 
of  about  £100,000,  the  bridge  being  estimated  at  £60,000.  After  mncb 
careful  survey  and  consideration,  and  consultation  with  Messrs.  Lo^^^ 
and  Errington  regarding  this  work,  it  was  fixed  to  pass  through  the  ravine 
by  a  gradient  of  1  in  60  for  2^  miles,  which  is  the  steepest  gradient  oo 
the  Highland  system,  and  span  the  river  by  a  box  girder  A  230  feet,  with 
six  side  arches  of  masonry,  each  of  30  feet  span,  to  meet  the  contiDg^s^ 
of  flood  waters,  which  are  on  this  river  very  sudden  and  very  rapid,  and  the 
work  has  been  carried  out  successfully.  It  may  be  mentioned  that  this  was 
about  the  greatest  single  span  of  an  open  girder  at  the  time  buUt  (1856). 
The  propriety  of  a  stone  bridge  at  this  place,  with  a  gradient  of  1  in  70,  was 
oonsiderod  by  the  Directors,  but  it  was  found  to  be  too  expensive.  ^^ 
present  line,  however,  answers  quite  sufficiently  for  the  traffic  of  the  countij, 
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18  now  du^y  local  smoe  the  opcaimg  of  the  Highland  line.    The  coat 
of  the  bridge,  which  is  660  feet  long  and  74  feet  high  Droin  the  fonnd&tions 
to  tfftD  t(^  ci  tiie  towers,  constracted  for  a  double  line,  was  ^£34,480 ;  cost 
per  lineal  foot  £52  5s.     The  east  abntment  of  this  bridge  is  founded  on  rock, 
and  it  was  provided  that  the  west  abntment  should  be  sunk  and  founded  on 
piles  and  a  platform,  the  first  imperfect  triak  having  led  to  the  conclusion 
that  there  was  nothing  beyond  indurated  shingle  at  this  place.     On  sinking 
14  feet  from  liie  surface,  however,  through  a  conglomerate  of  boulders  2  to 
3  feet  in  diameter,  hard  mountain  day  appeared,  and  on  penetrating  this 
for  abont  3  feet,  rock  was  found,  thus  securing  for  this  structure  a  rock 
fSoondalion  on  either  side.    Immediately  at  the  east  end  of  this  viaduct,  the 
hue,  as  already  said,  runs  through  a  narrow  and  precipitouB  ravine,  the 
stream  of  which  had  to  be  diverted  for  Uie  railway,  by  a  new  channel  cut  out 
of  the  solid  gravel  30  feet  wide,  sloping  longitudinally  1  in  40,  and  pitched 
vith  stones  from  12  to  18  inches  deep.  This  pitching,  which  consists  of  squared 
stones,  had  to  a  small  extent  broken  up  several  times  since  the  line  was 
opened  ten  years  ago,  from  the  floods  bringing  down  stones  and  trees,  and 
yre  found  tiiat  the  most  effectual  way  of  securing  it  was  by  inserting^walings 
of  timber  40  feet  apart,  12  inches  by  4  inches,  across  the  channel,  secured 
at  every  3  feet  by  iron  piles,  and  grouting  the  joints  of  the  pitching  in  dry 
weatiier  with  Hme-grout  so  as  to  prevent  the  lodgment  of  air  and  water, 
which  under  the  pressure  of  floods  has  a  tendency  to  dislocate  the  stone  work. 
No.  10  is  a  viadud  crossing  the  Findhorn,  a  dangerous  and  rapid  river. 
It  sometimes  comes  down  in  great  flood,  almost  in  a  body  of  2  or  3  feet 
d  perpendicular  height  at  a  time,  notwithstanding  that  in  summer  it  is  a 
very  moderate-siied  stream.    This  bridge  conabts  of  three  spans  of  150  feet 
each,  with  stone  abutments  and  piers  of  solid  ashlar,  and  is  constructed  for  a 
nn^e  Hne.     There  was  no  appearance  of  rodL  in  the  immediate  neighbour- 
hood of  the  site,  although  rock  appeared  on  one  side  of  the  river  about  half 
a  mile  above ;  and  the  channel,  as  fer  as  could  be  ascertained,  consisted  of 
shingle  and  gravel.    It  was  provided,  therefore,  that  the  foundation  should 
be  sunk  6  feet  below  the  deepest  part  of  the  bed  of  the  river  on  a  platform  and 
piles.    The  east  abutment  was  so  sunk,  and  the  piles  were  driven  through 
the  gravel  to  a  depth  of  10  feet,  making  16  feet  below  the  bed  of  the  river. 
It  was  observed  that  at  that  depth  the  pies  uniformly  would  drive  no  further, 
and  tins  si^gested  the  possibility  of  rock.    Eock  was  accordingly  searched 
for,  and  it  was  found  that  about  18  feet  under  the  bed  of  and  across  the 
river,  rock  eadsted.    Cofferdams  were  therefore  formed,  and  rock  foundations 
were  secured  for  the  remaining  piers  and  abutment.    The  cost  of  the  bridge^ 
including  a  pitched  embankment  on  the  east  side,  the  bottom  of  which  was 
secured  by  piles  and  a  waling  of  timber,  amounted — masonry  to  £11,170 ; 
ironwork  £10,260,  making  a  tot^l  of  £21,430.    Extreme  length  608^  feet ; 
height  above  foundations  46  j  feet ;  cost  per  lineal  foot  £35  48.  4d, 

No.  11  is  a  bridge  across  the  River  Nairrif  consisting  of  four  arches  of  55  feet 
span,  and  is  an  admirable  piece  of  masonry.  An  incident  connected  with  the 
foundations  of  this  bridge  deserves  to  be  mentioned.  The  contractor,  when 
instructed  to  ascertain  l^e  nature  of  the  foundations,  insisted  that  it  was 
unnecessary  to  take  any  trouble  about  them,  as  rock  cropped  out  on  either 
bank ;  the  turnpike-road  bridge  across  the  river  a  quarter  of  a  mile  below 
was  founded  on  rock,  and  he  said  there  could  be  no  doubt  that  rock  would 
be  got  in  the  centre  3  or  4  feet  below  the  bed  of  the  river.  Eock,  however, 
Wtt  not  reached  until  we  sunk  from  13  to  14  feet,  showing  that  experienced 
persons  may  be  misled  even  under  the  most  convincing  circumstances.  The 
stnietiire,  however,  is  founded  on  the  solid  rock  throughout,  and  the  cost  for 
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ft  double  line  was  ^620.    Length  371  feet;  height  56  feet;  cost  per 
lineal  foot  £23  4s.  Sd. 

No.  12  is  a  viaduct  cuross  the  Ness,  consisting  of  five  arches  of  73  feet  span 
oyer  the  river,  4  land  arches  of  20  feet  span,  and  2  cast-iron  openings 
of  27  and  35  feet  span  over  roads.  The  foundations  of  this  bridge,  as  in 
many  others,  consisted  of  shingle  for  20  feet  down,  but  at  the  north  abut- 
ment and  pier  the  iron  rods  driven  in  appeared  to  penetrate  considerably 
easier  than  at  other  points  of  the  channel,  and  it  was  deemed  prudent  to 
construct  this  abutment  and  pier  upon  bearing  piles  and  a  platform,  and 
they  were  accordingly  so  done,  as  exhibited  in  ^e  drawings.  The  toUl 
length  of  this  bridge,  including  the  side  arches,  is  669  feet,  and  the  total 
height  from  the  bed  of  the  hver  to  the  top  of  the  parapet  is  40  feet.  It  is 
constructed  for  a  single  line,  and  cost  ^13,410.    Cost  per  Uneal  foot  X20. 

No.  13  is  a  good  example  of  a  sudng  bridge  built  across  the  Caledonian 
Canal,  which  the  line  spans  on  a  skew  of  65  degrees.  It  consists  of  2 
girders  of  126  feet  in  length,  78  feet  of  which,  from  the  centre  of  the  turn- 
table, spans  the  canal,  and  the  remaining  48  feet  forms  the  balance  weigbt. 
Advantage  was  taken  of  the  canal  being  emptied  for  repairs  to  lay  the  foun- 
dations of  the  masonry,  which  are  on  a  platform  and  piles  in  the  solid  gravel, 
9  feet  below  the  surface  of  the  water.  The  depth  of  the  canal  is  18  feet, 
and  the  width  of  the  locks  40  feet,  the  canal  banks  being  120  feet  apart. 
Some  difficulty  occurred  at  first  during  hot  weather  from  the  expansion  of 
the  iron  a£fecting  the  adjustment  and  dosing  of  the  bridge,  which  was 
remedied  by  means  of  a  powerful  screw,  and  the  bridge  has  been  worked  with 
satisfaction  and  safety  for  the  last  five  years.  This  bridge,  with  its  machineiy, 
timber,  wharves  for  protection  from  vessels,  distant  and  station  signals,  &c., 
complete,  cost  £4718. 

No.  14  spans  the  River  Conon  in  Boss-shire.    Prom  peculiar  circnmstanceB 
it  was  necessary  that  this  bridge  should  cross  the  river  on  a  skew  of  45 
degrees  to  the  stream,  and  as  there  were  rock  foundations,  there  was  no 
difficulty  to  contend  with  beyond  that  of  4  or  5  feet  of  water  in  the  channel 
of  the  river  to  reach  the  rock,  which  was  successfully  accomplished.    The 
peculiarity  of  the  skew  with  the  river  at  this  place  would  have  been  more 
easily  provided  for  by  the  adoption  of  iron  girders  from  pier  to  pier,  but 
as  the  writer  found  at  that  time  that  iron  girders  would  be  fully  as  expen- 
sive, and  not  so  permanent  as  a  stone  bridge,  and  as  there  were  admirable 
quarries  in  the  neighbourhood,  he  resolved  to  construct  this  bridge,  as  already 
said,  on  a  skew  of  45  degrees  with  the  river,  by  a  series  of  right-angled  ribs 
or  arches  spanning  from  pier  to  pier.    This  is  no  new  arrangement ;  but  the 
writer  is  not  aware  of  the  plan  being  adopted  for  a  series  of  arches  of  so 
large  a  span  in  any  previous  instance.    The  bridge  consists  of  5  arches  of 
73  feet  span  each,  the  arches  being  constructed  of  four  ribs,  each  3  feet  9 
inches  wide ;  the  arch-stones  are  4  feet  deep  at  the  springing,  and  3  feet 
deep  at  the  crown.    The  keystones  of  the  centre  part  of  each  arch  were  made 
to  connect  with  each  other,  as  were  the  stones  in  the  haunchings  of  the 
arches,  and  some  cramps  of  iron  were  inserted  at  the  joints  to  connect  the 
ribs.     The  work  was  successfully  accomplished,  and  constitutes  a  very  perfect 
piece  of  bridge  masonry.     The  total  length  of  the  bridge  is  540  feet,  and  the 
height  45  feet  from  the  bed  of  the  river.    The  north  abutment  is  founded 
304  feet  lower  down  the  river  than  the  south,  and  the  whole  structure,  when 
the  centres  were  removed,  was  found  so  accurately  built  that  no  joint  in  it 
showed  any  indication  of  setting.    The  cost  of  tbis  bridge  for  a  single  line 
was  £11,391.    Cost  per  lineal  foot  £21  2s. 

There  are  many  other  bridges,  as  may  be  supposed^  over  so  great  an  extent 
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of  coontiyy  aad  a  country  so  macb  exposed  to  floods,  but  those  above  de* 
scribed  are  the  principal ;  the  entire  waterway  spanned  over  the  entire  system 
being  9828  feet. 

On  the  Central  Eailway  from  Dunkeld  to  Forres,  104  miles,  being  a  single 
]ine,  there  are  8  yiadncts,  126  bridges  over  streams,  119  public  and  ac- 
flonimodation  road-bridges,  and  8100  yards  of  covered  drains,  var3ring  in  size 
from  18  to  36  inches  square.  There  are  1650  lineal  yards  of  breastwalls, 
304,700  cubic  yards  of  rock  cutting,  and  3,416,000  cubic  yards  of  earth- 
wqA,  being,  including  rock  and  earth,  at  the  rate  of  35,776  cubic  yards  to 
the  mile.  The  largest  embankment  was  at  KafEbrd  near  Forres,  which  con* 
tained  308,000  cubic  yards. 

The  permanent  way  consists  of  larch  and  natural-grown  Scotch  fir  sleepers 
of  the  usual  size,  3  feet  apart ;  the  chairs  are  22  lbs.  in  weight ;  the  rails 
weigh  75  lbs.  to  the  lineal  yard,  are  in  lengths  of  24  feet,  and  are  fished  at 
t}ie  joints. 

The  total  cost  of  the  works,  including  all  extra  and  accommodation  works, 
amounted  for  the  104  miles,  to  £798,311 ;  the  land,  including  severance,  to 
£70,000  ;  and  the  preliminary,  parliamentary,  engineering,  and  law  expenses 
to  £50,893,  making  the  cost  of  this  portion  of  the  Company's  lines  £919,204, 
or  £8860  per  mile*. 

The  contracts  were  entered  into  immediately  after  the  passing  of  the  Bill 
in  July  1861 ;  the  first  turf  of  the  railway  was  cat  on  the  17th  of  October  of 
the  same  year,  and  the  whole  line  was  passed  by  the  Government  Inspector, 
and  opened  for  public  traffic  on  the  9th  of  September  1863,  being  one  year 
and  ten  months,  an  uuprecedentedly  short  time  for  works  of  such  magnitude. 
The  works  between  Forres  and  Dunkeld  were  divided  into  nine  contracts  let 
by  public  competition,  and  were  undertaken  £15,705  below  the  Engineer's 
estimate,  and  were  completed  at  12  per  cent,  over  the  Engineer's  estimate, 
including  4  per  cent,  for  accommodation  works  ordered  by  land  valuators. 

The  traffic  has  been  worked  successfully  and  without  accident  for  four 
years.  The  mail  trains  perform  the  journey  between  Inverness  and  Perth 
(144  miles)  in  5|  hours.  It  was  proposed  to  the  Post  Office,  but  not  agreed 
to,  on  accoant  of  the  expense,  to  run  them  in  four  hours. 

An  ordinary  goods  train  of  20  waggons,  or  200  tons  gross  load,  is  drawn 
np  the  steepest  inclines  by  one  engine,  having  17 -inch  cylinders  and  24- 
inch  stroke. 

The  traffic  is  rapidly  increasing.  The  sheep  and  cattle,  which  used  to 
reach  the  southern  markets  by  a  toilsome  journey  of  a  month  or  six  weeks, 
are  now  conveniently  transported  in  a  day  at  less  cost,  the  Company  having 
carried  in  one  week  upwards  of  21,000  sheep. 

In  passing  over  the  mountain-ridges  already  described,  it  was  feared  that 

serious  interruptions  would  arise  from  snow  during  the  winter,  but  as  the 

▼riter  had  a  knowledge  of  the  whole  coimtry  for  many  years,  he  did  not 

anticipate  any  difficulty  on  this  head  which  might  not  be  overcome.     The 

BQmmit  is  about  500  feet  higher  than  that  of  the  Caledonian  line,  or  some 

1500  feet  in  all  above  sea-level,  and  is  no  doubt  more  exposed.     The  first 

▼inter,  riz.  1863-64,  it  was  wholly  open  and  the  traffic  uninterrupted ;  in 

rebraaiy  of  the  second  winter,  viz.  1865,  a  very  heavy  snow-storm  occurred 

all  over  the  north  of  Scotland,  impeding  the  traffic  of  almost  all  the  northern 

nilvays,  and  stopping  the  traffic  on  the  Highland  line  for  four  or  five  days, 

▼bich  was  only  restored  with  great  difficulty  by  the  labour  of  large  bodies  of 

*  The  extra  work  claimed  by  one  Contractor  iq  still  unsettled,  but  is  valued  and  paid  at 
^  nte  at  which  the  extra  works  on  160  miles  of  this  system  of  railways  have  heen  amioably 
*ttkd. 
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men.  It  was  evident,  theoefore,  that  some  decided  steps  most  be  adopted 
to  oyercome  the  snow  difficulty,  and  in  the  beginning  of  1866  the  road  was 
kept  pretty  well  open  by  the  application  of  snow-plonghs ;  and  the  expe- 
rience of  that  winter  made  it  quite  clear  that  this  difficulty  might,  with 
proper  appliances,  be  effectually  overcome,  and  means  were  accordingly 
adopted  for  that  purpose. 

In  these  elevated  regions,  when  a  snow-storm  occurs,  it  is  accompanied 
with  high  wind,  and  the  snow  is  consequently  drifted  with  great  rapidity 
into  the  hollows  and  cuttings.  With  the  view  of  obviating  this,  screen 
fences  of  light  timber,  or  of  decayed  sleepers,  or  earthen  mounds  were 
erected  a  few  yards  from  each  side  of  the  cuttings  where  the  line  was  exposed. 
These  were  found  very  e£fective  for  intercepting  the  drifts.  There  was  thea 
provided  snow  ploughs  of  three  descriptions,  viz  : — One,  a  light  plough  fixed 
to  all  the  engines  running  on  the  line,  and  capable  of  clearing  12  to  24  inches 
of  new  snow.  The  second  was  a  more  formidable  snow  plough,  which  was 
fixed  to  a  pilot  engine,  and  was  found  capable  of  clearing  2  to  5  feet  of 
snow.  This  pilot  engine  was  attached  to  goods  or  passenger  trains.  The 
third,  and  lazgest  class  of  plough  was  found  to  clear  snow  10  or  11  feet 
deep,  with  the  aid  qf  four  or  five  goods  engines.  These  applianoes,  notwith- 
standing the  very  serious  snow-storms  which  were  encountered  on  the  line 
in  January  last,  were  capable  of  keeping  the  line  almost  wholly  clear. 

This  I  consider  a  great  triumph,  inasmuch  as  the  Hlg^dand  line,  over 
such  high  elevations,  was  kept  clear,  while,  by  the  same  stirm,  the  lines 
throughout  Scotland,  England,  and  France  were  more  or  less  blocked  up ; 
the  lines  in  the  noith  of  Scotland  being  stopped  entirely  five  or  six  days— 
the  mails  for  Aberdeen  being  delayed  three  days  from  London,  and  two  from 
Edinburgh.  The  Norfolk  line  was  blocked  up  for  some  days ;  the  Holyhead 
mail  detained  from  12  to  16  hours ;  the  London,  Chatham,  and  Dover  blocked 
up  for  two  days,  as  well  as  the  trains  in  France  to  Marseilles. 

Much  credit  is  due  to  the  activity  and  attention  of  the  Highland  Company's 
officers — ^Mr.  Stroudley,  the  Locomotive  Superintendent,  and  Mr.  Battle,  Sa- 
perintendent  of  Permanent  Way — Mr.  Stroudley  having  planned  and  con- 
structed the  snow-ploughs. 

As  a  specimen  of  a  cheaply  constructed  Hne  of  railway,  the  writer  annexes 
a  note  of  the  details  of  the  northern  portion  of  the  Hi^land  Bailway,  from 
Invergorden  to  Bonar  Bridge,  26}  miles  in  length.  The  country  through 
which  this  section  of  the  line  passes  is  comparatively  level,  and  several  parts 
skirt  and  run  through  the  sea,  where  the  woiks  had  to  be  protected  at  con- 
siderable cost.  The  cuttings  amounted  to  549,000  cubic  yards,  of  which 
about  20,000  were  rock.  There  are  27  bridges  over  streams,  4  of  them 
40  to  50  feet  span,  26  public  and  accommodation  road-bridges,  and  2942 
lineal  yards  of  drains,  varying  from  18  to  36  inches  square,  like  rails  are 
double-headed  and  weigh  70  lbs.  to  the  yard,  and  are  fished  at  the  joints ; 
I  of  the  chairs  are  20^  lbs.,  and  §  28  lbs.  in  weight.  There  are  ten  stations, 
with  permanent  dwelHng-houses  for  the  agents  and  porters. 

The  total  cost  of  this  portion  of  the  line,  the  works  being  of  the  very  best 
quality,  and  the  masonry  all  a£  stone,  amounted  to  ^018  per  mile,  or  in- 
cluding parliamentary  and  law  expenses  and  land,  X5888  per  mile. 

Commercially,  these  lines,  extending  over  246  miles,  have  not  as  yet  been 
quite  successful,  from  the  fact  of  too  great  an  extent  of  line  having  been 
undertaken  at  once,  it  requiring  in  an  agricultural  countiy  oonsidenible 
time  to  develope  the  traffic. 

Under  the  whole  circumstances,  however,  the  traffic  is  satisfactory. 

The  works  are  of  the  most  substantial  character.     The  capital  account. 
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whieh  is  under  X2,800y000,  is  about  closed  as  far  as  new  works  are  concerned, 
while  the  reyenne  is  rapidly  increasing.  For  the  half-year  jost  ended,  the 
Campany  will  be  able  to  pay  its  preference  and  debenture  stocks,  5  per  cent,  on 
its  floating  liabilities,  and  about  2  per  cent,  on  its  ordinary  stock  of  £740,000. 

It  will  thus  be  seen  that  if  the  revenue  increases  in  the  same  ratio  that  it 
Iiss  hitherto  done,  yiz.  from  £15,000  to  £20,000  per  anniun,  the  Company  will 
be  able  to  pay  in  two  or  three  years  a  satis£Eictory  dividend  of  5  per  cent.  When 
that  event  occurs,  the  Directors  may  with  propriety  give  some  moderate  aid 
to  the  further  extension  of  the  main  lines  of  communication  to  Caithness  and 
S^,  both  of  which  must  prove  valuable  feeders  to  the  Highland  system. 

These  lines  were  promoted  chiefly  by  the  great  landed  proprietors  in  the 
eoimtiy,  among  the  most  prominent  of  which  were  the  Earl  of  Seafield, 
Lord  Pyfe,  Mr.  Matheson  of  Ardross,  M.P.,  Mr.  Merry  of  Belladrum,  M.P., 
Mr.  Mcintosh  of  Baigmore,  Col.  Praser  Tytler,  the  Duke  of  Sutherland,  &c. 


Experimental  Researches  an  the  Mechanical  Properties  of  Steel, 

By  W.  Pairbairn,  LL,D.,  F.R.S.,  ^c. 

Tesxe  is  probably  no  description  of  material  that  has  undergone  greater 
changes  in  its  manufacture  than  iron  ;  and,  judging  from  the  attempts  that 
are  now  making,  and  have  been  made,  to  improve  its  quality  and  to  enlarge 
its  sphere  of  application,  we  may  reasonably  conclude  that  it  is  destined  to 
attain  still  greater  advances  in  its  chemical  and  mechanical  properties.  The 
earliest  improvements  in  the  process  of  the  manufacture  of  iron  may  be 
attributed  to  Cort,  who  introduced  the  process  of  boiling  and  puddling  in  the 
reverberatory  furnace,  and  those  of  more  recent  date  to  Bessemer,  who  first 
used  a  separate  vessel  for  the  reduction  of  the  metals,  and  thus  effected 
more  important  changes  in  the  manufacture  of  iron  and  steel  than  had  been 
introduced  at  any  former  period  in  metollurgic  history.  To  the  latter  system 
▼e  owe  most  of  the  improvements  that  have  taken  place ;  for  by  the  compara- 
tively new  and  interesting  process  of  burning  out  the  carbon  in  a  separate 
vessel  almost  every  description  of  steel  and  refined  iron  may  be  produced. 
The  same  results  may  be  obtained  by  the  puddling  furnace, — but  not  to  the 
same  extent,  since  tiie  artificial  blast  of  the  Bessemer  principle  acts  with 
much  greater  force  in  depriving  the  metal  of  its  carbon,  and  in  reducing  it  to 
the  state  of  refined  iron.  By  this  new  process  increased  facilities  are  afforded 
for  attaining  new  combinations  by  the  introduction  of  measured  quantities 
of  carbon  into  the  converting  vessel,  and  this  may  be  so  regulated  as  to  form 
steel  or  iron  of  the  homogeneous  state,  of  any  known  quality. 

By  the  boiling  and  puddling  processes,  steel  of  similar  combinations  may 

be  produced,  but  with  less  certainty  as  regards  quality,  as  everything  depends 

on  the  skill  of  the  operator  in  dosing  the  furnace  at  the  precise  moment 

of  time.    This  precaution  is  necessary  in  order  to  retain  the  exact  quantity 

of  carbon  in  the  mass    so  as  to  produce  by   combination   the  requisite 

quality  of  steel.     It  vrill  be  observed  that  in  the  Bessemer  process  this  un- 

eertainty  does  not  exist,  as  the  whole  of  the  carbon  is  volatilized  or  burnt 

out  in  the  first  instance ;  and  by  pouring  into  the  vessel  a  certain  quantity 

of  crude  metal  containing  carbon,  any  percentage  of  that  element  may  be 

obtained  in  combination  with  the  iron,  possessing  qualities  best  adapted  to 

tbe  varied  forms  of  construction  to  which  the  metal  may  be  applied.     Thus 

the  Bessemer  system  is  not  only  more  perfect  in  itself,  but  admits  of  a  greater 

^^^gree  of  certainty  in  the  results  than  could  possibly  be  attained  from  the 

1868.  N 
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mer6  employiiient  of  the  eyes  and  hands  of  the  most  experi6n(^  puddlo.  -{ 
Thus  it  appears  that  the  Bessemer  process  enables  nS  to  mannfactorc  eMI  l| 
with  any  given  proportion  of  carbon,  or  other  eligible  element,  andflniBtt  ■{ 
describe  the  compound  metal  in  terms  of  its  chemical  constitnents.  j 

Important  changes  have  been  made  since  Mr.  Bessemer  first  ann(raliced1iii  ^| 
new  principle  of  conversion,  and  the  results  obtaihed  from  various  qtoto  i| 
bid  fidr  to  estabUsh  a  Hew  epoch  in  metalliirgic  inanipulation,  by  fiie  pith  ij 
duction  of  a  material  of  much  greater  general  value  than  that  which  Was  prt=  :| 
duced  by  the  old  process,  and  in  most  cases  of  double  the  strength  of  iron.     , 

These  improvements  are  not  exclusively  confined  to  the  Besseinei"  prooai,  ] 
for  a  great  variety  of  processes  are  now  in  operation  producing  the  gam  | 
results,  and  hence  we  have  now  in  the  market  homogeneous,  and  etery  othei , 
description  of  iron,  inclusive  of  steel  of  such  deiisity,  ductility,  &c.,  astdmei., 
all  the  requirements  of  the  varied  forms  of  construction. 

The  chemical  properties  of  these  different  kinds  of  steel  have  been  satis* 
factorily  established ;  but  we  have  no  reliable  knowledge  of  the  mechanieal 
properties  of  the  different  kinds  of  homogeneous  iron  and  steel  that  are  nov 
being  produced.    To  supply  this  desideratum,  I  have  endeavoured,  by  i] 
series  of  laborious  experiments,  to  determine  the  comparative  values  of  tb;' 
different  kinds  of  steel,  as  regards  their  powers  of  resistance  to  transreis^- 
tensile,  and  compressive  strain.  .      .  •        ; 

These  experiments  have  been  instituted  not  only  for  those  eiigaged  in  W" 
constructive  arts,  but  also  to  enable  the  engineer  to  make  such  selectionBdj 
the  material  as  wiU  best  suit  his  purpose  in  any  proposed  construction,  h 
order  to  arrive  at  correct  results,  I  have  applied  to  the  first  houses  for  tU 
specimens  experimented  upon,  and  judging  from  the  resiilts  of  these  expen-; 
mento,  I  venture  to  hope  that  new  and  important  data  have  been  obtained 
which  may  safely  be  relied  Upon  in  the  selection  of  the  material  for  i» 
different  forms  of  construction. 

Por  several  years  past  attempts  have  been  inade  to  substitute  steel  foi 
iron,  bn  account  of  its  superior  tenacity  and  increased  security  in  the  con- 
struction of  boilers,  bridges,  <kc. ;  and  assuredly  there  can  be  no  doubt  as  to 
the  desirability  of  emplo3dng  a  material  of  the  same  weight  and  of  double  tie 
strength,  provided  it  can  at  all  times  be  relied  upon.  Some  difficulties,  bov- 
ever,  exist,  and  until  they  are  removed  it  would  not  be  safe  to  make  the 
transfer  from  iron  to  steel.  These  difficulties  may  be  suinmed  up  in  a  fe» 
words,  viz.  the  want  of  uniformity  in  the  manufacture,  in  cases  of  rolled 
plates  and  other  articles  which  require  perfect  resemblance  in  character,  mi 
the  uncertainty  which  pervades  ite  production.  Time  and  dose  observation 
of  facts  in  connexioli  with  the  different  processes  will,  however,  surmour.t 
these  difficulties,  and  will  enable  the  manufacturer  to  produce  steel  in  a^l 
its  varieties  with  the  same  certainty  as  he  formerly  attained  in  the  manu- 
facture of  iron. 

In  the  selection  of  the  different  specimens  of  steel,  I  have  endeavoured  to 
obtain  such  itiformation  about  the  ores,  fuel,  and  process  of  manufacture  s* 
the  parties  stippljring  the  specimens  were  disposed  to  furnish.  To  a  series  Oi 
questions,  answers  were,  in  most  cases,  cheerfiiUy  given,  the  particulars  of 
which  will  be  found  in  tiie  Tables. 

I  have  intimated  that  the  specimens  have  been  submitted  to  transverpo, 
tiensile,  and  compressive  strain,  and  the  summaries  of  residts  will  indicati 
the  uses  to  which  the  different  specimens  may  be  applied.  Table  I.  gi^^ 
for  each  specimen  the  modulus  of  elasticity  and  the  modulus  of  resistance  to 
impact,  togfether  with  the  deflection  for  unity  of  pressure ;  froni  these  expcri- 
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mentid  dfttd  the  eiigiiie^r  anct  arcliitect  may  gclcct  tlie  sieel  possessing  the 
actual  quality  required  for  any  particular  structure.  This  wiU  be  found 
especially  requisite  in  the  construction  of  boilers,  ships,  bridges,  and  other 
structures  subjected  to  severe  strains,  where  safety,  strength^  and  economy 
should  be  kept  in  view. 

In  the  case  of  transverse  strain  Soihe  difficulties  presented  themselves  in 
tbe  course'  of  the  experiments,  arising  from  the  ductile  nature  of  some  part 
of  the  material,  &nd  from  its  tendency  to  bend  or  deflect  to  a  considerable 
(iq)th  without  fracture. 

But  this  is  always  the  case  with  tough  bars  whether  of  iron  or  steel, 
and  hence  th^  necessity  of  fixing  upon  some  unit  of  measure  of  the  defleetions, 
in  order  to  compare  the  flexibility  of  the  hatB  with  one  another,  and,  from 
the  mean  value  of  this  unit  of  deflection,  to  obtain  a  mean  value  of  the 
modulus  of  elasticity  (E)  for  the  different  bars,  this  unit  or  measure  of 
fiexibilitj  given  ill  the  Table  is  the  mean  value  of  all  the  deflections  corre- 
q)oading  to  unity  of  pressure  and  section.  The  modulus  of  elasticity  has 
also  been  calculated  £rom  the  deflection  produced  by  112  lbs.,  in  order  that 
it  may  be  compared  with  the  results  of  experiments  on  cast  iron,  given  at 
pages  73  and  Y  4  in  my  work  *  On  the  Applicatioii  of  Iron  to  Buildmg  Pur- 
poses.' In  order  to  determine  the  resistance  of  the  bars  to  a  force  analogous 
to  that  of  impact,  the  work  in  deflecting  each  bar  up  to  its  Hmit  of  elasticity 
has  been  calculated.  These  results  differ  considerably  from  each  other, 
showing  the  different  degrees  of  hardness^  ductility,  A«<  of  the  materiftl  of 
▼hich  the  bars  are  composed.  The  transverse  strength  of  the  different  bars 
up  to  their  limit  of  elasticity  is  shown  by  the  amount  of  the  modvliM  of 
length  or  the  unit  of  strength  calculated  fbr  each  bar. 

Table  11.,  on  tensile  sixain,  gives  the  breaking  strain  of  each  bar  per 
square  ineh  of  section,  and  the  corresponding  elongation  of  the  bar  per  unit 
of  length,  together  with  the  ultimate  resistance  of  each  bar  to  a  force  analo- 
gofus  to  ^at  of  impact.' 

Table  m.,  on  compression,  gives  the  force  per  square  inch  of  section 
requisite  to  crusli  short  colutans  of  the  different  specimens,  with  the  corre- 
sponding compression  of  the  column  per  unit  of  lengthy  together  with  the  work 
expended  in  producing  this  compression. 

Having  selected  the  requisite  number  of  specimens  from  different  works^ 
the  experiments  commenced  with  the  transverse  strains,  which  were  con- 
ducted as  on  former  occasions,  by  suspending  dead  weights  from  the  middle 
of  Ae  bar,  which  was  supported  at  its  extremities,  the  supports  being  4  feet 
6  inches  apart.    The  apparatus  for  this  class  of  experiment  consisted  of  the 
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wooden  frame  A,  to  which  were  bolted  two  iron  brackets,  BB,  on  which  the 
bars  were  laid.  Immediately  over  the  centre  of  the  bar,  at  a  point  eqni- 
distant  between  the  supports,  the  wheel  and  screw  C  was  attached  to  the 
scale  D  on  which  the  weights  were  placed,  56  lbs.  at  a  time ;  after  each 
weight  was  laid  on,  the  deflections  were  taken,  and  the  experiment  was  con- 
tinued until  a  large  permanent  set  was  obtained.  The  permanent  set  was 
observed  at  intervals  in  the  following  manner : — ^After  the  deflection  pro- 
duced by  the  load  had  been  ascertained,  the  screw  C  was  turned  so  as  to  raise 
the  scale  and  relieve  the  bar  of  the  load,  thus  enabling  the  experimenter  to 
ascertain  the  effects  of  the  load  upon  the  bar  and  to  register  the  permanent 
set.  This  operation  was  conducted  with  great  precision,  as  may  be  seen  on 
consulting  the  Tables  in  the  experiments  which  follow. 

Each  of  the  bars  have  been  treated  in  this  way,  care  having  been  taken  ia 
secure  portions  of  each  bar  for  the  experiments  on  tension  and  compression. 
In  addition  to  these  distinct  tests,  I  have  the  advantage  of  my  friend 
Mr.  Tate's  assistance  in  the  reduction  of  formulas  as  follows : — 

FoRMULiE  OP  RbDUCTTOW. 

lor  the  reduction  of  the  Experiments  on  Transverse  Strain, — When  a  bar 
is  supported  at  the  extremities  and  loaded  in  the  middle, 

E=Ji:L., (1) 

where  I  is  the  distance  between  the  supports,  K  the  area  of  the  section  of 
the  bar,  d  its  depth,  w  the  weight  laid  on  added  to  4ths  of  the  weight  of  the 
bar,  d  l^e  corresponding  deflection,  and  E  the  modmus  of  elasticity. 
When  the  section  of  a  bar  is  a  square, 

^=S ^'^ 

These  formulsd  show  that  the  deflection,  taken  within  the  elaatic  limit, 
for  unity  of  pressure  is  a  constant,  that  is,  — ssD,  a  constant. 


Let  -i  ,  -?,.,.  »-2L  be  a  series  of  values  of  D,  determined  by  experiment 

in  a  given  bar,  then 

J)^l(h  +  k+...+k\ (3) 

which  gives  the  mean  value  of  this  constant  for  a  given  bar. 
Now,  for  the  same  material  and  length, 

l,orDx=.L; (4) 

and  when  the  section  of  the  bar  is  square, 

l,orDocl (o) 

w  a* 


If  Dj  be  put  for  the  value  of  D  when  c?=l,  then 


1    ^ 

n  VWi    w,  w,  ) 


(«) 


which  expresses  the  mean  value  of  the  deflection  for  unity  of  pressure  an^ 
section.    This  mean  value,  therefore,  may  be  taken  as  the  measure  of  t^^- 


ON  THB  MECHANICAL  PROFERTIES  OF  STEEL.  165 

JUjnbUihf  of  the  bar,  or  as  the  modulus  of  flexure^  since  it  measures  the 
aoMHmt  of  deflection  produced  by  a  unit  of  pressure  for  a  unit  of  section. 
Sabfititating  this  value  in  equation  (2)^  we  get 

^=45:' <7) 

▼faich  gives  the  mean  value  of  the  modulus  of  elasticity,  where  D^  is  deter- 
mined from  equation  (6). 
Hie  work  U  of  deflection  is  expressed  by  the  formula 

XJ=-XwXjg=^, (8) 

▼here  I  is  the  deflection  in  inches  corresponding  to  the  pressure  (w)  in  lbs. 
If  w  and  2  be  taken  at,  or  near  to  the  elastic  limit,  then  this  formula  gives 
the  work,  or  resistance  analogous  to  impact,  which  the  bar  may  imdergo, 
widiout  snfiering  any  injury  in  its  material.  This  formula,  reduced  to  unity 
of  section^  beoomes 

«=2S'    ••••••......    (9) 

K  C  be  a  constant,  determined  by  experiment  for  the  weight  (W)  straining 
tlie  bar  up  to  the  limit  of  elasticity,  so  that  the  bar  may  be  able  to  sustain 
tbe  load  without  injury,  then 

^=CKrf,   .     .     .    •. (10) 

▼here  C=^,  or  ^  of  the  corresponding  resistance  of  the  material  per  square 
inch  at  the  upper  and  lower  edges  of  the  section, 

•••^=^ <ii) 

When  the  section  of  the  bar  is  a  square, 

C=^,     . (12) 

which  gives  the  value  of  C,  the  modulus  of  strength,  or  the  unit  of  working 
^f^ngth^  W  being  the  load,  determined  by  experiment,  which  strains  the  bar 
^  to  its  elastic  limit :  this  value  of  C  gives  the  comparative  permanent  or 
working  strength  of  the  bar. 

^p  to  the  elasiie  limit  the  deflections  are  proportional  to  their  corresponding 
^ins,  but  beyond  this  point  the  deflections  increase  in  a  much  higher  ratio. 
Hence  the  deflection  corresponding  to  the  elastic  limit  is  the  greatest  deflec- 
tion which  is  found  to  foUow  the  elastic  law  just  explained. 

Tensile  Strain,  ^c. — The  work  u  expended  in  the  elongation  of  a  uniform 
^}  1  foot  in  length  and  1  inch  in  section,  is  expressed  by 

H-IH^^^" <i3) 

p  ^  7 

^Here  Pj=— =the  strain  in  lbs.  reduced  to  unity  of  section,  and  2i==- 

=the  corresponding  elongation  reduced  to  unity  of  length.  /") 

This  value  of  u,  determined  for  the  diflerent  bars  subjected  to  experiment, 
Si^cs  a  comparative  measure  of  their  powers  of  resistance  to  a  strain  analogous 
t<t jtiatj)f  jjppact.  ""^ "■  ■         ^ 

By  talung  ihj  to  represent  the  crushing  pressure  per  unity  of  section,  and 
')  the  corresponding  compression  per  unity  of  length,  the  foregoing  formula 
^ill  express  the  work  expended  in  crushing  the  bar. 


166 


uvvovtTT-18^7f 


FIRST  SBRI^S  OF  EXPERIMENTS. 


TBAIT^SYEBSE  firTRAIIT. 


Expssnaarr  I. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.,  Sheffield. 
Dimension  of  bar  '97  inch  square.  Length  between  .suppprts  4  feet 
6  inches.    Mark  on  bar,  "  B 1." 


^^                      £$ 

Weight  laid 

Deflection, 

Pem^nnent 

1 

No.  of 

on,  in 

in 

set^in 

Bemarks. 

Exp. 

lbs. 

inches. 

inches. 

* 

1 

60 

•088 

*  •  •  . 

Specimen  of  best  cast  Bteel 

Q 

100 

•148 

from  Bussian  and  Swedish  ^ 

3 

150 

•219 

iron.     Used  for  turning-  ' 

4 

200 

•283 

•004 

tools. 

5 

250 

•353 

•006 

* 

6 

.300 

.•416 

•008 

7 

350 

•433 

'009 

8 

400 

•555 

9 

450 

•616 

•Oil 

10 

500 

•690 

.-012 

11 

650 

•760 

12 

600      \ 

•837 

13 

650 

•927 

H 

700 

•977 

15 

750 

1^047 

16 

800 

1-117 

•012 

17 

850 

1-187 

•015 

18 

900 

1-237 

• 

19 

950 

1-307 

r016 

20 

1150 

1-747 

■101. 

2i 

1400 

. .  • . 

— 

Suuk  with  this  weight. 

Result^  of  Rtp.  I. 

Here 

the  weight  i 

[w)  correspoi 

idinff  to  the 

limit  of  elasticity  is  960  lbs.. 

and  the  corresponding  deflection  (iB)  \a  1*307.    See  formulse  of  reduction, 
p.  165. 

By  formula  (6). — 'The  mjean  value  of  th^  deflection  for  unity  of  pressure 
and  section  (D,)  =  -0012048. 

By  formula  (7). — ^The  misan    value  of  ihe  modulus  of  elasticity  (E) 
=  32,672,000. 

By  formula  (2). — ^The  modidus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  33,047,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity' 
=  52-280. 

By  formula  (9). — ^Woric  of  d^ection  (u)  for  unity  of  section  =s  56*563. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =  6*326 
tons. 
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TRANSTEBSB  STiUIK. 


£ip.  S.— B^  of  Steel  from  Uessrs,  John  Brown  &  po..  Sheffield.  Biiiien- 
aioa  of  bar  '97  inch  square.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  B  2." 


L  . 

Weight  laid 

Deflection, 

Permanent 

*"■""■       ^-^        -                      — 

pn,  ia 

in 

Bet,  in 

Bemarks. 

Exp. 

lbs. 

inches. 

inches. 

1 

50 

•088 

.  •  • . 

Specimen  of  best  cast  steel 

2 

100 

•166 

from  Eussian  and  Swedish 

3 

iso 

•236 

iron,  of  milder  quality  than 

4 

200 

•310 

No.  1.   Used  for  chisels  &c. 

5 

250 

•393 

6 

300 

•462 

7 

350 

•537 

.    8 

400 

•614 

1 

9 

450 

•692 

10 

500 

•772 

11 

550 

•852 

12 

600 

•932 

13 

650 

1-012 

14 

700 

1-082 

•001 

15 

750 

1-172 

16 

800 

1-242 

17 

850 

1-312 

-001 

18 

900 

1^402 

•005 

19 

950 

1-482 

•012 

20 

1150 

2-642 

•827, 

Gradually  sinking  with  this 

weight. 

jRem 

U8  of  Ea^p,  J] 

[. 

Here  the  weight  (w)  corresponding  to  the  limit  of  elasticity  is  960  lbs., 
and  the  corresponding  deflection  (5)  1*482. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
midsection  (D,)  =  -0013377. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=«  29,415,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
Preroo  =  29,465,000. 

Byfonnula(8). — ^Work  of  deflection  (TJ)  up  to  the  limit  of  elasticity 
-  59-280. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =  63-003. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  =  6-326 
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TBAIYSYBBBE  8TBAIK. 


£xp.  lU. — ^Bar  of  Steel  from  Messrs.  John  Brown  &  Co.,  Sheffield.  Dimen- 
sion of  bar  l^OOl  inch  square.  Length  between  supports  4  feet 
6  inches.     Mark  on  bar,  'f  B  3." 


TKr_       f 

Weight  laid 

Deflection, 

Permanent 

JXo.  of 

on,  in 

in 

set,  in 

Bemarks. 

Exp. 

lb0. 

inches. 

inches. 

1 

50 

•072 

.... 

Specimen  of  cast  steel  from 

2 

100 

•134 

Swedish  iron.     Employed  ' 

3 

150 

•191 

in  the  construction  of  tools,  i 

4 

200 

•259 

&c. 

5 

250 

•321 

J 

6 

300 

•397 

1 

7 

350 

•461 

8 

400 

•527 

9 

450 

'597 

10 

500 

•649 

11 

550 

•715 

12 

600 

•780 

13 

650 

•867 

14 

700 

•927 

15 

750 

•987 

16 

800 

1-057 

1 

17 

850 

1-107 

1 

18 

900 

1-167 

19 

950 

1^247 

•000 

t 

20 

1150 

1-507 

•0166 

1 

21 

1400 

1-887 

•0420 

Sinking  with  this  weight. 

llesults  of  Exp,  III. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1160  lbs.,  and  the  corre- 
sponding deflection  (5)  is  1-507. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)  =  -0012891. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  30,550,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  32,171,000. 

By  formula  (8). — ^^''ork  of  deflection  (XJ)  up  to  the  limit  of  elasticily 
=  72-838. 

By  formula  (9). — Work  of  deflection  (t*)  for  unity  of  section  =  72-690. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =  iy-^JoS 
tons. 
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TRAKSYEBSE  STEAIIT. 


Eip.  IV. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.,  Sheffield.  Dimen- 
sion of  bar  "98  inch  square.  Length  between  supports  4  feet  G  inches. 
Mark  on  bar,  "  B  4." 


5o.  of 

Weight  laid 

I>eflection, 

FermaneDt 

on,  in 

in 

set,  in 

Bemarks. 

£xp. 

Ibfl. 

inches. 

inches. 

1 

50 

•082 

• .  .  * 

Specimen  of  cast  steel  from 

2 

100 

•160 

Swedish    iron,   of   milder 

3 

150 

•214 

quality  than  I^o.  3,     Used 

4 

200 

•282 

for  chisels. 

5 

250 

•348 

6 

300 

•423 

•000 

350 

•494 

•004 

8 

400 

•556 

•007 

9 

450 

•618 

•008 

10 

600 

•691 

11 

550 

'   755 

•009 

12 

600 

•820 

13 

650 

•908 

•Oil 

14 

700 

•978 

•012 

15 

750 

1^048 

-008 

16 

800 

1-113 

17 

850 

1-178 

18 

900 

1-258 

19 

950 

1-318 

•008 

20 

1150 

1-708 

•095 

21 

1400 

•  •  •  • 

. .  • « 

Sunk  with  this  weight. 

BesulU  of  Exp.  IV. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  960  lbs.,  and  the  corre- 
ponding  deflection  (5)  is  1-318. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
aad  section  (DJ  =  -0012581. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  29,463,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
prcsgure  =  29,370,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  52-720. 

By  formula  (9). — Work  of  deflection  (u)  for  unity  of  section  =  54-893. 

By  fonnula  (12). — Value  of  C,  the  unit  of  working  strength  s=s  6-134 
tons. 
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Exp.  Y. — ^Bar  of  Steel  from  Messn.  John  Brown  ^  Go.^  Sheffield.  Dimcn 
sion  of  bar  -98  incfi  square.  Length  between  supports  4  fee 
6  inches.     Mark  on  bar,  "  B  5." 


.  _ 

. .... 

—                -                 ^ 

-— •    -        -  — .** 

vr         jt 

Weight  laid 

Deflection, 

permanent 

No.  of 

on,  in 

in 

spt,  in 

Benmrks. 

Exp. 

lbs. 

inches. 

inches. 

"  i  ' 

60 

•083 

•    ■    *   • 

Specimen  of  steel  cast  from 

2 

100 

•149 

Swedish  iron,  pf  mild  qua- 

3 

w 

160 

•200 

lity  for  welding. 

4 

200 

•277 

5 

250 

•349 

6 

300 

•427 

7 

350 

•497 

t 

8 

400 

•527 

9 

450 

•631 

i 

10 

500 

•702 

11 

550 

•777 

•  •    •   ■ 

This -specimen  is  consider- 

12 

600 

•845 

ably  more  ductile  than  any  i 

13 

650 

•927 

of  the  previous  bars  expe-  ' 

14 

700 

•997 

rimented  npon.   It  is  simi- ' 

15 

750 

1-057 

-000 

lar  in  character  to  that  in 

16 

800 

1-127 

•003 

Ezp.  n. 

17 

850 

1-197 

18 

900 

1-267 

-004 

19 

950 

1337 

-014 

20 

1150 

2-402 

-664 

The  deflection  continues  to 

increase  with  this  weight. 

Eesults  of  Evp.  Y, 

Here  the  weight  (w)  at  the  limit  of  elasticity  i^  960  lbs.,  and  the  corre- 
sponding deflection  (^)  is  1*337. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  the  unity  of  pressure 
and  section  (D^)  =  -0012673. 

Py  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  29^48,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  correspondiiig  to  112  lbs. 
pressure  =  31,510,000. 

By  fiormula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  53-480. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =  56'68o. 

By  formula  (12). — Value  of  G,  the  unit  of  working  strength  =  ^'^^^ 
tons. 
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TRAirSTSBm  BTRAJXf, 


Ixp.  TL— Bar  of  Sted  from  Uessn.  John  Broiim  ft  Co.,  Sfis^ld.  I)imeii- 
sbn  of  bar  -992  inch  square.  Length  between  Buppoftff  4  feet 
6  inches.     Mark  on  bar,  "  B  6." 


3fo.  of 

Weight  lud 

Deflection, 
in 

Permanent 
»pt,  in 

Beipark^. 

Jsxp. 

inches. 

inches. 

1 

~'50'" 

'  *  :07Q ' 

•  •  •  • 

^^  of  Qcsseo^r  steel. 

2 

100 

fl38 

3 

150 

•208 

4 

200 

•280 

5 

250 

•346 

6 

300 

•414 

7 

350 

•486 

8 

400 

•654 

9 

450 

•624 

10 

500 

'694 

11 

550 

•757 

12 

600 

•824 

13 

650 

•894 

14 

700 

•964 

]5 

750 

1024 

16 

800 

1-094 

rOOO 

17 

85Q    . 

1-174 

f008 

18 

900 

1-284 

.•044 

19 

950 

1-434 

•133 

Experiment  4iBContinued. 

Besult^  of  Bap.  VI. 

Here  the  weight  (w)  at  the  limit  of  daeticity  ia  660  lb8.>  and  tiie  cor- 
^•spondmg  deflection  (5)  is  1-174. 

Bj  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D  J  =  -0013024. 

Br  formula  (7). — ^The  mean  value  of  the  modulus  of  elastioity  (E) 
=  1)0,224,000. 

Bj  formula  (2). — Tha  modulus  of  elasticity  (E)  correi^nding  to  112  lbs. 
pressure  =  32,361,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elastidty 
-  42-068. 

By  formula  (9). — ^Woik  of  deflection  (u)  for  unity  of  section  =  42:749. 

Bj  formula  (12). — Value  of  0,  the  unit  of  working  strength  =  6-297 
tons. 


172 


KJsroRT — 1867. 


TRAKSTBB8E  STRAiy. 


Exp.  VII. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.,  Sheffield.  Dimon- 
fflon  of  bar  '978  inch  square.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  B  7." 


■»T_      _# 

Weight  laid 

Deflection, 

Permanent 

No.  of 

on,  in 

in 

set,  in 

Bemarks. 

Exp. 

lU. 

inches. 

inches. 

1 

60 

•073 

*  •  • . 

Specimen  of  double  shear 

2 

100 

•141 

steel  from  Swedish  bar. 

3 

160 

•215 

4 

200 

•281 

5 

250 

•355 

6 

300 

•425 

7 

350 

•493 

8 

400 

•565 

9 

•  450 

•630 

10 

500 

•703 

11 

560 

•775 

12 

600 

•855 

13 

650 

•925 

14 

700 

1^015 

15 

750 

1-065 

.  *  •  • 

The  experiments  in  this  and 

16 

800 

1-145 

•000 

the  two  next  Tables  were 

17 

850 

1-225 

•005 

made  for  comparison  with 

18 

900 

1-325 

•031 

Exp.  VI, 

10 

950 

1-535 

•142 

BmUi 

5»  of  Exp.  VII. 

Here 

the  weiirht 

(w)  at  the  li] 

nit  of  elastic 

lity  is  860  lbs.,  and  the  corre- 

spending  deflection  (i)  is  1*225. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D^)  =  -0012643. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (1^) 
=  31,135,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (£)  corresponding  to  112  lbs. 
pressure  =  33,623,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  43-900, 

By  formula  (9). — Work  of  deflection  («)  for  unity  of  section  =  45*897.^ 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =  5*527 
tons. 
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TRAVSTERSE  STRAIN. 


El?.  VIII.—Bar  of  Steel  from  Messrs.  John  Brown  &  Co.,  Sheffield.  Di- 
mension of  bar  '986  inch  square.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  B  8."^ 


;  Ifaof 
Exp. 

Weight  laid 

on«  in 

lbs. 

Deflection, 

in 

inches. 

Permanent 
set,  in 
inches. 

Bemarks. 

1 
2 
3 
4 

50 
100 
150 
200 

•069 
•143 
•204 
•273 

.... 

Specimen  of  "  Eoreign  Bar," 
not  melted,  but  tilted  direct 
from  the  ingot. 

5 

250 

•340 

6 

300 

•418 

7 

350 

•485 

8 

400 

•550 

9 

450 

•623 

10 

500 

•700 

11 

550 

•777 

12 

600 

•850 

13 

650 

•930 

14 

700 

•990 

15 

750 

1-050 

16 

800 

1-130 

17 

850 

1-210 

•000 

18 

900 

1-310 

•017 

-■ 

19 

950 

1-430 

•059 

EemltB  of  Exp.  VIII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  860  lbs.,  and  the  cor- 
responding deflection  (2)  is  1*210. 

By  formula  (6). — ^e  mean  value  of  the  deflection  for  unity  of  pressure 
and  aection  (D^)  =  -0012863. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (£) 
=  29,335,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs, 
piwsure  =  30,686,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
«=  43-358. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =  44-598. 

By  formula  (12). — ^Value  of  C,  the  unit  of  working  strength  =  5-394 
tons. 
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Exp.  IX. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.,  Sheffield.  Dimen 
sion  of  bar  1  inch  square.  Letigth  between  supports  4  feet  6  inch« 
Mark  on  bar,  "  B  9." 


No.  of 

Weight  laict 
on,  in 

Beflectioni 
in 

Permanent 
Bbt,  iti 

Bernards. 

Exp. 

lb0. 

inches. 

inches. 

1 

60 

•076 

•  •  •  • 

Specimen  of  (JB)  bar.  Eng- 

2 

100 

•136 

lish  tilted  steel  made  fiom 

3 

160 

•206 

English  and  foTeig:n  pigs. 

4 

200 

•270 

6 

260 

•318 

6 

300 

•880 

7 

350 

•460 

* 

8 

400 

•616 

9 

450 

•670 

10 

600 

•640 

11 

660 

•700 

12 

600 

•780 

13 

660 

•840 

14 

700 

•900 

.  •  •  • 

ti  -^U  be  obfterred  that  the  ■ 

15 

760 

•960 

talue  of  C,  fortnula  (12)  of 

16 

800 

1-020 

-008 

this  experiitient,  is   lower 

17 

850 

1-100 

than   those'  of  Exp.   tl., ' 

18 

900 

1-180 

-024 

VN.,  and  Yin. 

19 

960 

1-300 

•083 

Remits  of  Eupp*  IXi 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  860  lbs.,  and  the  corre- 
sponding deflection  (8)  is  1*100. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)= -001268. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
«  31,292,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (tl)  corresponditig  tO  112  lbs. 
pressure  =  81,838,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  felasticih- 
si  39^4i6; 

By  formula  (9), — ^Work  of  deflection  (ti)  for  unity  of  section  fi=  39*416. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  as  5-170  tons. 
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Exp.  X.— Bar  of  Steel  from  Messrs.  Charles  Gammell  <k  Co.,  Shej^eld. 
Dimensioii  of  bar  1-054  inch  square.  Length  between  supports  4 
feet  6  inches.     Mark  on  bar^  '<  1." 


1 

J     %/i     gvf 

WdghtUud 

Deflection, 

'  -»w.  ox 
i  Exp. 

on,  in 

in 

set,  in 

Bemsrks. 

lbs. 

inches. 

inches. 

% 

1 

1 

50 

•064 

*  •  .  • 

Specimen  of  cast  steel,  termed 

2 

100 

•117 

"  Diamond  Steel." 

1     3 

150 

•172 

4 

200 

•225 

.     5 

260 

•273 

6 

300 

•333 

'     7 

350 

•382 

S 

400 

•427 

t      9 

450 

•476 

•000 

10 

500 

•534 

•006 

11 

550 

•585 

12 

600 

•632 

13 

650 

•687 

14 

700 

•741 

15 

750 

•801 

16 

800 

•860 

«  •    •  • 

This  is  a  remarkably  dne 

n 

850 

•982 

specimen  of  flexible  steel ; 

■    18 

900 

•982 

•006 

highly  elastic. 

19 

950 

1042 

•Oil 

.    20 

1000 

1-092 

•019 

'   21 

1050 

1162 

22 

1100 

1-192 

'   23 

1150 

1-242 

24 

1200 

1-302 

•022 

25 

1250 

1-362 

26 

1300 

1-372 

;  27 

1350 

1-452 

2S 

1400 

1-512 

29 

1450 

1-562 

•023 

30 

1500 

1-662 

-028 

.   31 

1550 

1-742 

•059 

32 

1600 

1-832 

•065 

33 

1654 

1-922 

•120 

34 

1710 

2-062 

•189 

35 

1766 

2-302 

•350 

• 

30 

1822 

2-662 

•546 

37 

1878 

3-042 

•800 

38 

1934 

3-732 

1-302 

Sinking  ^th  this  load. 

Eesults  of  Exp.  X. 

Here  th^  freight  (ttr)  tit  the  limit  of  elaiticity  is  1460  lbs.,  and  the  corrcAponding  dtoflec- 

^on  (?)  is  1-5^. Byformtilii  (6).— The  mean  talue  of  the  deflection  for  unily  of  pree- 

pjpeind  section  (D|)  i^  -0018081. By  formuls  (7).— The  mean  Tahie  of  the  modttlusof 

(■l8>ti(nly  (E)  =  a(l,OR8.000. By  fonnulft  (2).— The  modulus  of  elasticity  (E)  eoi-re- 

?ponding  to  112  lbs.  prcs.«mre  =  59,996,000. By  formula  (8).— Work  of  deflectibH  (U) 

for  unity  of  tection  «  OS-OOO. By  formula  (9).— Wofk  of  deflection  (tt)lbl'Uni5|r0f  «ee- 

tionae5'515. By  formula  (12).— Value  of  C,  the  unit  of  woAing  strength  «  7*«H  tuns* 
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Exp.  XI. — Bar  of  Steel  from  Messrs.  Charles  Cammell  &  Co.,  Sheffiel 
Dimensibn  of  bar  1-104  inch  square.  Length  between  sapports 
feet  6  inches.     Mark  on  bar,  "  2." 


No.  of 
Exp. 

Weight  laid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

50 

•064 

•    ■    •    ■ 

Specimen  of    steel    termec 

2 

100 

•120 

"  Tool  Steel.*' 

3 

150 

•174 

4 

200 

•232 

5 

250 

•287 

6 

300 

•324 

7 

360 

•396 

8 

400 

•437 

9 

450 

•500 

10 

600 

•563 

11 

550 

•624 

12 

600 

•665 

13 

650 

•718 

14 

700 

•776 

15 

750 

•834 

16 

800 

•884 

37 

850 

•944 

18 

860 

•964 

•   •    •    • 

This  appears  to  be  a  supe- 

19 

890 

•994 

rior  quality  of  8t^»  well 

20 

920 

1^024 

adapted  for  the  purpose 

21 

950 

1^054 

for  which  it  was  manufae- 

22 

990 

1-094 

tured. 

23 

1010 

1^134 

24 

1040 

1-164 

25 

1070 

1-194 

26 

1100 

1-224 

27 

1130 

1^254 

28 

1160 

1-284 

29 

1200 

1^314 

30 

1230 

1^374 

1 

31 

1260 

1-404 

1 
1 

32 

1300 

1-414 

1 

33 

1350 

1-524 

34 

1400 

1-614 

•000 

35 

1450 

1-684 

•010 

36 

1600 

1-784 

•019 

37 

1550 

1-854 

•059 

38 

1600 

1-864 

•137 

1 

39 

1654 

1-964 

•306 

1 
-^ —  1 

Ilesul 

ts  of  Exp.  XI. 

Keretb 

e  weight  («;)  at 
(4.         Bv  form 

the  limit  of  elafl] 
lula  f6V— The 

ticity  is  1460  lbs.,  and  the  corresponding  defleeti^fl 
mean  ralue  of  the  daflfiction  for  nnitv  of  nre&^iu^  i 

and  section  (Dj)  =  -001637. ^By  formula  (7).— The  mean  Talue  of  the  modulus  of  elas- 
ticity (E)  =  22,965,000. By  formuk  (2).— The  modulus  of  elasticity  (E)  oonwpondin^ 

to  112  lbs.  pressure  =  24,288,000. By  formula  (8).— Work  of  deflection  (U)  up  to  tlie 

limit  of  elaaticity  =  102-443. ^By  formula  (9).— Work  of  deflection  («)  for  unity  of  ^ 

tion  =  84<Mt8. Bvformula(12).~Valueof  C,  the  unit  of  working  slmigth  =  5-9(Hton* 
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EiF.  XIL—Bar  of  Steel  from  Messra.  Charles  Cammell  &  Co.,  Sheffield. 


Dimension  of  bar  *994 

inch  square 

),     Length  between  supports 

4  feet  6  inches.    Mark  on  bar,  "  3." 

1 

Weight  laid 

Deflection, 

Permanent 

••■vi  Cm 

Exp. 

1 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

50 

•076 

.  •  •  • 

Specimen  of  caststeel,  termed 

2 

100 

•141 

"  Chisel  Steel." 

3 

150 

•202 

!     1      4 

200 

•268 

1        5 

250 

•330 

6 

300 

•398 

7 

350 

•464 

8 

400 

•622 

' 

9 

450 

•634 

10 

500 

•653 

;    11 

550 

•726 

1      12 

600 

•804 

1    13 

650 

•864 

14 

700 

•924 

•  •  •  • 

This  is  a  description  of  steel 

15 

750 

1-004 

similar  to  tiiat  in  Exp. 

16 

800 

1-064 

XI.,  but  more  ductile. 

:  17 

850 

1-104 

# 

18 

900 

1-194 

•000 

1    19 

950 

1-244 

•001 

20 

1000 

1-274 

21 

1050 

1-347 

-002 

22 

1100 

1-454 

•007 

23 

1150 

1-504 

•014 

24 

1200 

1-594 

•022 

25 

1300 

1^924 

•165 

26 

1380 

2-484 

•589 

27 

1400 

2-884 

•898 

1   28 

1430 

3-114 

1076 

29 

1450 

3-294 

1-285 

BesuUs  of  Exp.  XIL 

Hete  the  weight  (ii;)  at  the  limit  of  elasticity  is  1210  lbs.,  and  the  corre- 
sponding deflection  (2)  is  1*594. 

By  formula  (6). — ^The  mean  yalue  of  the  deflection  for  unity  of  pressure 
aad  section  (D^)  =  -0012612. 

By  fonnida  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
==  31^12,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs« 
pre8BTire=31,474,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  77-864. 

By  fonnula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =  78-825. 

By  fonnola  (12). — ^Value  of  C,  the  unit  of  working  strength  s=:  7-413  tons. 
1^67.  o 
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Exp.  Xm.— Bar  of  Steel  from  Messrs.  Charles  Cammell  &  Co.,  fiiel 
Dimension  of  bar  1*04  inch  square,  Jjength  betwe^  «ipi 
4  feet  6  inches.    Mark  on  bi^,  ^*  4" 


No.  of 
Bxp. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 


Weight  laid 

pn,  in 

lbs, 


60 
100 
160 
200 
260 
300 
350 
400 
450 
600 
650 
600 
650 
700 
750 
800 
850 
900 
950 
1150 
1400 


Defleotion, 

in 

inchea. 


•068 
•125 
•179 
•239 
•298 
•346 
•389 
•456 
•508 
•568 
•626 
•693 
•740 

•797 

•850 

•936 

•996 

1-056 

1-106 

1-946 

3-536 


v«k4iu.«.r 


Pemafient 
set,  in 
indies. 


•000 
•001 

•008 
•003 

•003 

•106 

1-696 


B^marks. 


Specimen  of  cast  steel,  tei 
«  Double  Shear  SteeL'' 


Sunk  with  this  weight 


nrmw^fm^ 


Besults  of  Exp,  XIII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  960  Ib^,,  |md  the  coff 
sponding  deflection  (3)  is  1-106. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pres^ 
and  section  (D,)  =  -0013254. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  '^ 
»  29,700,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  H 
pressure  «  30,126,000. 

Bv  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  etoi^i 
«  44-240. 

By  formula  (9). — ^Work  of  deflection  (w)  for  unity  of  section  sc  40-903. 

By  formula  (12). — Yalue  of  C,  the  unit  of  working  strengtli  =:  5-li):^  Ui 
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X[y,~BBr  of  Stoel  from  ICeatrs.  GhaFlefl  Oammell  A  Co.^  Bbeffiold. 
BiBuauioa  of  bar  1*02  inoh  squape.  Length  between  supports 
4  feet  6  inches.     Mark  on  bar,  '<  5.** 


'  Xaof 

TVCJJpib  L 

Exp. 

on,  ia 

lb& 

1 
1 

60 

2 

100 

3 

150 

4 

200 

1     5 

250 

.     6 

300 

350 

8 

400 

9 

450 

10 

500 

11 

550 

12 

600 

13 

650 

14 

700 

15 

750 

16 

800 

17 

850 

I   18 

900 

i    19 

950 

Deflection, 

in 

inches. 


1 
1 
1 


•060 
•120 
•169 
•228 
•288 
•350 
•425 
•487 
•550 
•604 
•664 
'733 
'780 
•880 
•940 
•000 
•060 
•140 


Pefmuient 
■et,  in 
inches. 


Bemarks. 


Bar  of  hard  Bessemer  steel. 


1-270 


'000 
•004 
•OH 
•Oil 
•018 
•028 
•083 


This  metal  \m  ci  nearly  the 
same  quality  as  that  in 
Exp.  VI. 


BegidUofExp.XrV. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  810  lbs.,  and  the  corre- 
sponding deflection  (2)  is  1*000. 

By  &nnula  (6). — ^llie  mean  value  of  the  deflection  for  upity  of  pressure 
and  section  (D,)  =  •0012805. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  30,742,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  33,205,000. 

By  formula  (8). — Work  of  deflectiou  (U)  up  to  the  limit  of  elasticity 
=  33-750. 

By  formula  (9).— Work  of  deflection  (w)  for  unity  of  section  =  82-439. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =  4^5&8  tons. 
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TBAK8TEB8E  STEAIK. 


£xp.  XY. — ^Bar  of  Steel  from  Messrs.  Charles  Cammell  &  Co.,  SheffieL: 
Dimension  of  bar  '992  inch  square.  Length  between  support 
4  feet  6  inches.    Mark  on  bar,  "  6." 


No.  of 

Weight  lilid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarlca. 

ifixp. 

Ib0. 

inches. 

inchee. 

1 

60 

•077 

•    •    •   • 

Bar  of  soft  Bessemer  steel. 

2 

100 

•142 

3 

160 

•208 

• 

4 

200 

•280 

5 

260 

•343 

6 

300 

•427 

7 

350 

•481 

8 

400 

•644 

9 

450 

•615 

10 

600 

•673 

•000 

11 

660 

•739 

•001 

This  bar  is  mnch  more  dac- 

12 

600 

•818 

tile  than  those  previouslT 

13 

650 

•888 

experimented  upon. 

14 

770 

1-052 

•001 

15 

800 

1-098 

16 

850 

1-188 

•094 

17 

860 

1-228 

18 

890 

1-248 

•104 

19 

900 

1-318 

20 

920 

1-358 

•160 

21 

950 

2-898 

1-588 

Besults  of  Rvp,  XV. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  810  Ibs.^  and  the  cor- 
responding  deflection,  (3)  is  1-098. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (DJ= -0012995. 

By  formula  (7). — ^The  mean  value    of  the  modulus  of  elasticity  (E) 
pressure=30,291,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pre8sure=31,056,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=37-057. 

By  formula  (9). — Work  of  deflection  (t*)  for  unity  of  section  s=  37*657. 

By  formula  (12),— Value  of  C,  the  unit  of  working  strength=4-988  tons. 


ON  THE  MECHANICAL  FK0PERTIE8  OF  STEEL. 


181 


TRAK8YEBSB  STRiHT. 


Eip.  Xn.— Bar  of  Steel  from  Messrs.  Naylor  &  Vickers,  Sheffield. 
Dimension  of  bar  1  inch  square.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  Axle  Steel." 


.  5o,of 

Weight  laid 

Deflection, 

Permanent 

■  £q>. 

011,111 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

50 

•072 

•  •  . . 

Specimen  of  cast  steel,  con- 

2 

100 

•140 

yerted    in    the    crucible 

3 

150 

•200 

• 

from  bar-iron  with  the 

4 

200 

•261 

•000 

addition  of  manganese. 

5 

250 

•340 

6 

300 

•404 

350 

•460 

8 

400 

•522 

9 

450 

•580 

10 

600 

•648 

•010 

11 

550 

•700 

12 

600 

•780 

13 

650 

•840 

Prom    this    experiment    it 

14 

700 

•900 

would  appear  that  man- 

15 

750 

•950 

ganese  has  a  considerable 

16 

800 

1-020 

-016 

effect  in  combination  with 

17 

850 

1-090 

the  other  constituents  of 

'   18 

900 

1-180 

•018 

steel. 

19 

950 

1-250 

•046 

20 

1000 

1-370 

21 

1050 

1-620 

22 

1100 

3-380 

1-915 

Sunk  with  this  weight. 

Besulis  of  Exp.  XVI. 

Here  the  weight  (t&)  at  the  limit  of  elasticity  \a  910  lbs.,  and  the  cor- 
responding deflection  {l)  is  1-180. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)= -001273. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=30,923,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pre8snre=30,940,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
^44-741. 

By  formula  (9). — ^Work  of  deflection  («)  for  unity  of  section =44- 741. 

By  formula  (12). — ^Valuo  of  C,  the  unit  of  working  strength= 5-472  tons. 
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TRAirSYXBAE  SI&AI17. 


Exf .  XTII.— fiaf  of  Steel  from  it easrs.  Ifaylor  &  Vickers,  Sheffield,  Di- 
mension of  bar  *998  ineh  square.  Len^  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  Tyre  Steel." 


No  of 

Weight  laid 

Deflection, 

Permanent 

Exp. 

on,  in 

in 

set,  in 

Beratfk0< 

IbB. 

inches. 

inches. 

1 

60 

•087 

•    •    •   • 

Specimen  of  cast  steel,  con- 

2 

100 

•167 

rerted  in  the  crucible  from 

3 

150 

•219 

bar-iron  with  tho   addi- 

4 

200 

•287 

•002 

tion  of  manganese. 

5 

260 

•342 

6 

300 

•412 

7 

360 

•476 

8 

400 

•647 

9 

460 

•691 

10 

600 

•667 

•016 

11 

550 

•732 

■ 

12 

600 

•797 

13 

650 

•867 

14 

700 

•927 

r 

15 

750 

-987 

•023 

16 

800 

1-057 

17 

860 

1417 

18 

900 

1-197 

•027 

' 

19 

960 

1-287 

•038 

1 
( 

20 

1000 

1-867 

•074 

1 

21 

1050 

1-637 

22 

1100 

2-697 

1192 

Results  of  Exp,  XVII. 

Here  the  weight  {w)  at  (ho  limit  of  elasticity  is  910  lbs.,  and  the  corre- 
sponding deflection  {l)  is  1-197. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)= -0013124. 

By  formida  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=29,994,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  c<MT08potiding  to  112  lbs. 
pressure = 27,847,000. 

By  formula  (8).— Work  of  deflection  (IT)  up  to  the  limit  of  elastieity 
=40025. 

By  formula  (9). — Work  of  deflection  (w)  for  unity  of  section =40-184. 

By  formula  (12). — ^Value  of  C,  the  unit  of  working  strength =5-605  tons. 
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^TBAHStnUtSlB  0XEAIIC. 


£x?.  XYin.— Bar  of  Steel  from  MesBrs.  Naylor  &  Yickers^  Sheffield. 
Dimensioii  of  bar  1*026  inch  sqaare.  Length  between  BUpports 
4  feet  6  inches.     Mai'k  on  bar,  "  Vickers'  Cast  Steel,  Special." 


^Kobof 

Wmght  kid 

Deflectioti, 

Permanent 

on,  in 

in 

set,  in 

Bcmarks. 

lbs. 

inches. 

indies. 

1 
1 

100 

•133 

•    •    •   • 

Specimen  of  cast  steel,  con- 

2 

200 

•253 

rertod  in  the  crucible  from 

3 

300 

•363 

bar-iron  with  the  addition 

4 

400 

•485 

of  manganese. 

5 

500 

•599 

6 

600 

•711 

7 

700 

•828 

8 

800 

•983 

9 

900 

1^163 

•000 

10 

950 

1-213 

•000 

The   bar  in  this    and  the 

11 

1150 

1-393 

following  experiment  in- 

12 

1250 

1-523 

dicate  a  fine   quality  of 

13 

1400 

1^693 

•016 

metal,  and  great  powers 

14 

1500 

1*183 

of  resistance  to  a  trans- 

15 

1600 

1-973 

verse  strain. 

16 

1712 

2133 

•072 

Buults  ofRrp.  XYIII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1410  lbs.,  and  the  oor-^ 
rending  deflection  (B)  is  1-693. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)= -0013386. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=29,407,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  11 2  lbs. 
pressure =29,385,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=99-463. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section &=  94-485. 

By  fomula  (12).— Value  of  C,  the  unit  of  working  strength  e=  7-856  tons. 
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TRA17STEB8E  STRAIN. 

Exp.  XIX.— Bar  of  Steel  from  Messrs.  Naylor  &  Vickers,  Sheffield.  Di- 
mensions of  bar  1*01  inch  square.  Length  between  supports  4 
feet  6  inches.    Mark  on  bar,  "  Naylor  &  Vickers'  Cast  Steel,  2-66." 


No.  of 

X2I 

Weight  Inid 
on,  in 

Deflection, 
in 

Permanent 

set,  in 

JEtemarkB. 

iliXp. 

lbs. 

inches. 

inches. 

1 

60 

•076 

.  •  .  • 

1 
Specimen  of  cast  steel,  con- 

2 

100 

•140 

verted    in    the    crucible 

3 

150 

•195 

from  bar-iron   with  the 

4 

200 

•257 

•000 

addition  of  manganese. 

5 

250 

•313 

6 

300 

•372 

7 

350 

•440 

8 

400 

•500 

9 

450 

•560 

10 

500 

•620 

•008 

11 

550 

•678 

, 

12 

600 

•737 

1 

13 

650 

•800 

14 

700 

•870 

15 

750 

•940 

16 

800 

1-000 

•010 

17 

850 

1-050 

18 

900 

1-120 

•014 

This  bar  is  similar  to  the; 

19 

950 

1-190 

•017 

foregoing,  but  less  rigid. 

20 

1000 

1-250 

21 

1050 

1-310 

22 

1100 

1-370 

23 

1150 

1-440 

24 

1200 

1-500 

1 

25 

1250 

1-570 

-017 

26 

1400 

1-850 

1 

27 

1500 

2-310 

•353 

28 

1585 

2-650 

1 
f 

29 

1637 

3-350 

1-020 

BesuUs  of  Exp.  XIX. 

Here  the  weight  {w)  at  the  limit  of  elasticity  is  1260  lbs.,  and  the  cor- 
responding deflection  (3)  is  1-570. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)s= -0012789. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=30,788,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112 1^* 
pressure = 29,752,000. 

By  formula  (8).— Work  of  deflection  (XI)  up  to  the  limit  of  elasticitr 
=82-412. 

By  formula  (9). — Work  of  deflection  (m)  for  unity  of  section =80 -788. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strengths  7*358  tons. 
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TRAVSTEBSE  STBAIN. 


Exp.  XX.— Bar  of  Steel  from  2tfr.  8.  Oflborn,  Clyde  Works,  Sheffield.    Di- 

menidoii  of  bar  1-038  inch  square.     Length  between  supports  4  feet 

6  inches.    Mark  on  bar,  "  1.  Best  Tool  Cast  Steel, 


1 

Weight  kid 

Deflection, 

Permanent 

lip. 

on,  in 

in 

setf  in 

Remarks. 

lbs. 

inches. 

inches. 

1 

100 

•140 

•  •  • . 

Specimen    of  taming  -  tool 

2 

200 

•252 

•010 

cast  steel. 

3 

300 

•364 

4 

350 

•424 

5 

400 

•482 

•017 

6 

450 

•540 

7 

600 

•600 

•020 

8 

550 

•666 

9 

600 

•727 

10 

650 

•787 

11 

700 

•844 

12 

750 

•904 

13 

800 

•964 

•034 

14 

850 

1-044 

15 

900 

1094 

16 

950 

1-144 

•035 

17 

1000 

1-204 

18 

1050 

1-274 

19 

1100 

1-324 

•059 

20 

1200 

1-474 

•076 

21 

1300 

1-684 

22 

1350 

2-044 

•343 

23 

1400 

2-344 

24 

1450 

2-654 

25 

1500 

3034 

1-001 

Sinking  under  this  load. 

Remits  of  Exp,  XX, 

Here  the  weight  {w)  at  the  limit  of  elasticity  is  1010  lbs.,  and  the  cor- 
responding deflection  (l)  is  1*204. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Di)= -0013886. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=28^,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pre88UT©=26,689,000. 

By  formula  (8). — Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
==50-668. 

By  fonnula  (9). — Work  of  deflection  (u)  for  unity  of  section =48-813. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength =5*432  tons. 
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TBA178TSBSE  STRAIN. 


Exp.  XXI.— Bar  of  Steel  firom  Mr.  S.  Osbom,  Clyde  Worka,  Sheffield.  Di- 
tiaenBion  of  bar  1^01  x  1^014  inch.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  2.  Best  Chisel  Cast  Steel." 


No.  of 

Weight  laid 
on,  in 

Deflection, 
in 

Permanent 
iet,  in 

Bemarks. 

Szp. 

IbB. 

inches. 

inches. 

■  1  1 
1 

100 

•136 

•    •    •    • 

Specimen  of  best  cast  steel 

2 

200 

•260 

•002 

for  cold-chipping  chisels. 

3 

300 

•382 

4 

400 

•508 

5 

600 

•628 

•009 

4 

6 

600 

•712 

7 

700 

•836 

8 

800 

•978 

•010 

9 

850 

1-068 

10 

900 

1-138 

*008 

11 

950 

1-198 

•013 

12 

1000 

1-248 

13 

1050 

1^318 

* .  • . 

This  bar  is  close  ground  and 

14 

1100 

1-388 

-029 

well  adapted  for  tools. 

15 

1150 

1-448 

16 

1200 

1-638 

17 

1250 

1-648 

18 

1300 

1-808 

19 

1350 

2-028 

20 

1400 

2-328 

•471 

21 

1450 

2-588 

22 

1500 

3058 

•970 

Slink  under  this  weight. 

Results  of  Exp,  XXI. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1110  lbs.,  and  the  cor- 
responding deflection  (I)  is  1^388. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  seetion  (Dj)a= -001278. 

By  formula  (7). — The   mean  value   of  the  modulus  of  elasticity  (E) 
«  30,802,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  Ihs, 
pres8ure=30,623,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
«  64-196. 

By  formula  (9). — Work  of  deflection  (u)  for  unity  of  section  =  62^684. 

By  formula  (12).— Value  of  C,  the  unit  of  workmg  strength =6-400  tons. 
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T^AifSTfeBSM  B^CttAklTj 


Eip.  Xm.— Bar  of  Steel  tt6m  3tff.  S.  Osbom,  Clyde  XVorks,  Sheffield. 
Dimension  of  bar  1'09  inch  square.  Length  between  supports 
4  liMt  6  inches.    Mark  on  bar, "  3.  Silver  Steel, 


Ko.  of 

Weight  {laid 
on,  in 

Deflectioti, 
in 

Fariiianelit 
set,  in 

Beitiarks. 

Jap. 

lbs. 

inches. 

indies. 

1 

100 

•139 

Specimen  of  best  cast  steel 

2 

200 

*266 

-007 

for  hot  and  cold   sates- 

3 

300 

•387      • 

cups,    shear-blades,  and 

4 

350 

•458 

boiler-^makers'  steel. 

5 

400 

•520 

•014 

6 

450 

•576 

7 

500 

•636 

•014 

8 

550 

•701 

9 

600 

•760 

10 

650 

•840 

11 

700 

•910 

•014 

12 

750 

•950 

13 

800 

1*010 

•019 

14 

850 

1-090 

15 

900 

1160 

16 

950 

1-230 

•019 

17 

1000 

1-290 

18 

1050 

1-370 

19 

1100 

1-500 

•075 

20 

1150 

1-660 

21 

1200 

1-910 

•314 

22 

1250 

2-210 

'   23 

1300 

2-760 

•931 

Yielded  with  this  weight. 

Besults  of  Exp,  XXII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  lOlO  lbs.,  and  the  cor- 
rwponding  deflection  (a)  is  1-290. 

Br  fonnula  (6). — ^Ine  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (I),)  =  -0017814. 

By  formuia  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
==22,098,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  Corresponding  to  llS  lbs. 
prwBTir©  a  22,072,000. 

By  formula  (8).— Work  of  deflection  (tJ)  Up  to  the  limit  of  elasticity 
«  54-287. 

%  iormula  (9).— Work  of  deflection  (u)  for  unity  of  section  =  47-845. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  «  4-691  tons. 
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TSANSTXBSE  siRijar* 


Exp.  XXTTT.— Bar  of  Steel  from  Mr.  S.  Osborn,  Clyde  Works,  SheflSeld 
Dimenflion  of  bar  -994  x  1-006  inch.  Length  between  support? 
4  feet  6  inches.    Mark  on  bar,  "  4.  Improved  Die  Steel, 


No.  of 
Exp. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 


Weight  laid 

on,  in 

lbs. 


100 

200 

300 

360 

400 

450 

500 

550 

600 

650 

700 

800 

850 

900 

950 

1000 

1050 

1100 

1150 

1200 

1250 


Deflection, 

in 

inches. 


•144 

•284 

•408 

•472 

•538 

•600 

•672 

•748 

•804 

•894 

•954 

1-074 

1-154 

1-214 

1-264 

1-344 

1-434 

1-544 

1-694 

1-934 

2-474 


Permanent 
set,  in 
inches. 


•010 


•Oil 


Remarks. 


•012 
•016 

•018 
-025 


•091 


•688 


Specimen  of  best  cast  steel 
for  taps  and  dies. 


Specimen  of  steel  similar  to  | 
the  last.  I 


Sunk  with  this  weight. 


EesuUs  of  Esop.  XXTII. 

Here  the  weight  {yo)  at  the  limit  of  elasticity  is  1010  lbs.,  and  the  cor- 
responding deflection  (2)  is  1-344. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D^)  =  -0013409. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticit}'  (E) 
B  29,368,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  29,718,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elaeticitT 
s=  56-433. 

By  formula  (9). — Work  of  deflection  («)  for  unity  of  section  =  66-435. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  =  6-037  tons. 
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XRAKSTEB8X  8TBAIK. 


Eip.  XXIV.— Bar  of  Steel  from  Mr.  S.  Osborn,  Clyde  Works,  Sheffield. 
Dimensioii  of  bar  1-03  inch  square.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  "  5.  Toughened  Cast  Steel  for  Shafts,  &g." 


u  ^ 

Weight  laid 

I>eflection, 

Permanent 

5o.of 

on,  in 

in 

set,  in 

Remarks. 

Ixp. 

lbs. 

inches. 

inches. 

1 

50 

•072 

Specimen  of  toughened  cast 

2 

100 

•130 

steel   for  shafts,  piston- 

3 

150 

•185 

rods,  and  machinery  pur- 

4 

1 

200 

•238 

•010 

poses. 

'     5 

1 

250 

•298 

'     6 

300 

•358 

.    7 

350 

•414 

8 

400 

•474 

9 

450 

•532 

10 

500 

•586 

•014 

11 

550 

'     ^642 

12 

600  • 

•700 

An  average  quality,  suitable 

13 

650 

•764 

for  general  purposes. 

14 

700      , 

•818 

15 

750 

•900 

'   16 

800 

•940 

■  17 

850 

1-030 

18 

900 

1-080 

•009? 

19 

950 

1-140 

•009? 

20 

1000 

1-190 

21 

1050 

1-270 

22 

1100 

1-330 

23 

1150 

1^420 

24 

1200 

1-560 

•152 

25 

1300 

2-880 

1-259 

EesuUs  of  Exp.  XXIY. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1010  lbs.,  and  the  cor- 
f^nding  deflection  (c)  is  1-190. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  aection  (D,)  «  -0013112. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=«  26,398,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
preasare  =  29,610,000. 

By  formula  (8). — ^Work  of  deflection  (TJ)  up  to  the  limit  of  elasticity 
^50-079. 

By  formula  (9). — ^Work  of  deflection  («)  for  unity  of  section  =  53-194. 

By  formula  (12), — ^Value  of  C,  the  unit  of  working  strength  «=  5-559  tons. 
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B1570KT — 1867, 


TBAiraymi  nmvi* 


Exp.  XXV.-^^Bar  of  Btoel  from  Wt.  S.  Ojibwn,  Clydo  Works.  Sheffield.    Di- 
mension of  bar  1-04  inch  square  in  centre.    Length  between  sappoit 


!«■#•            iM«  iw  a^    «^*i 

h      Ph^««A  «                  WC        J»^^ 

^  «A  *ga.^    n^aA«««9&     f^  V^'^*  •      ■   ^— 

^T                ^ 

Weight  laid 

Deflection, 

Permanent 

No.  of 

oh,  in 

In 

set,  in 

Bemarks. 

Slip. 

lbs. 

inoliefl. 

inches. 

I 

800 

•346 

•007 

Specimen    of    best 

double 

2 

600 

•672 

r020? 

shear  steel. 

3 

660 

•625 

4 

600 

•682 

•018 

5 

660 

•737 

6 

700 

•802 

7 

760 

•872 

8 

800 

•942 

•030 

9 

860 

1-012 

10 

000 

1-072 

•061 

11 

060 

1'162 

•074 

12 

1000 

1-272 

13 

1060 

1-432 

14 

1100 

1-662 

•321 

16 

1160 

1-892 

•647 

16 

1200 

2-362 

•020 

Eetfdti 

i  of  Exp.  X7( 

:v. 

Here  the  weight  {w)  at  the  limit  of  olastipitjr  is  860  lbs,  fmd  the  cor- 
responding deflection  (l)  is  1*012. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  uxUty  of  pressure 
and  section  (DJ  =  -0016881, 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=  23,319,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  b  23,948,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
«  81-792. 

By  formula  (9).— Work  of  deflection  (u)  for  unity  of  section  «■  29'393. 

By  formula  (12).-^Yalue  of  G,  the  unit  of  working  strength  v  4-829  tons. 


ON  THE  HECHANICAIi  PROFESTIES  OP  STEEL. 
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TRkSBTEBSE  STRAIK. 


Eip.  XXVI.— Bar  of  Steel  fiom  Mr.  S.  Osbom,  Clyde  Works,  Sheffield. 
Bimensioii  of  bar  1*02  inch  in  middle.  Length  between  supports 
4  feet  6  inches.  Mark  on  bar,  "  7.  Extra  Best  Tool  G^st  Steel, 


Ko.  of 


Weight  laid 
on,  in 

lbs. 


BefleotioB, 
inches. 


1 

100 

•143 

2 

200 

•265 

3 

300 

•388 

4 

400 

•503 

5 

450 

•576 

6 

500 

•627 

7 

650 

•683 

8 

600 

•748 

9 

650 

•823 

10 

700 

•883 

11 

750 

•943 

12 

800 

1-013 

13 

850 

1-083 

14 

900 

1-143 

15 

950 

1^203 

16 

1000 

1-263 

17 

1050 

1-313 

18 

1100 

1-363 

19 

1150 

1-443 

20 

1200 

1-503 

21 

1250 

1-553 

22 

1300 

1-643 

23 

1350 

1-743 

24 

1400 

1-803 

25 

1450 

1-913 

26 

1500 

2-103 

27 

1550 

2-323 

28 

1600 

2-653 

29 

1650 

3153 

Permanent 
aei,  in 
inches. 


'007 
•010 


•  •  •  • 


•009 
•009 


•029 
•025 


Bemapka. 


Specimen  of  extra  best  cast 
steel  for  tuming-tools, 
wheel-axles,  &c. 


This  is  a  superior  quatfty, 
well  adapted  for  aisles, 


•055 


•824 


Sunk  with  this  weight. 


^Results  of  E.vp.  XXVI. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1210  lbs.,  and  tbo  cor- 
responding deflection  (B)  is  1*503, 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D,)  ==  -001348, 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=  29,188,000. 

By  formula  (2). — ^Tho  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  «  28,013,000. 

By  formula  (8).-r-Work  of  deflection  (U)  up  to  the  Jimit  pf  elasticity 
=  75-776. 

By  formula  (9).— Work  of  deflection  («)  for  unity  of  section  =  72-826. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  bs  6-860  tons. 
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REPORT — 1867. 


TBAlfSy£BS£  STRAIN. 

Exp.  XXyn.--Bar  of  Steel  from  Mr.  S.  Osborn,  Clyde  Works,  Sheffield. 
Dimension  of  bar  1-006  inch  square  in  centre.  Length  between 
supports  4  feet  6  inches.     Mark  on  bar,  "  8.     Cast  Steel  for  BoUer 

—  99 


jTiai/es,  {^ — 

=!• 

No.  of 

Weight  laid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarks. 

Exp. 

lbs. 

inches. 

inches. 

1 

100 

•143 

. .  • . 

Specimen  of  cast  steel  for 

2 

200 

•266 

•012? 

boiler  plates. 

3 

300 

•390 

» 

4 

400 

•500 

i 

5 

600 

•630 

1 
1 

6 

550 

•693 

1 

7 

600 

•751 

•010 

8 

650 

•823 

' 

9 

700 

•900 

1 

10 

750 

•960 

•  •   •  * 

It  is  assumed  that  this  bar 

11 

800 

1-020 

•016 

has  been  taken  from  the 

12 

850 

1-120 

ingot  intended  for  boiler 

13 

900 

1-180 

•013? 

plates. 

14 

950 

1^250 

•021 

A 

15 

1000 

1-320 

16 

1050 

1-390 

17 

1100 

1-450 

•063 

. 

18 

1150 

1-550 

19 

1200 

2000 

•430 

1 

20 

1250 

2-240 

21 

1300 

3-160 

1-399 

Disabled  with  this  weight.    ' 

Results  of  Exp.  XXYII. 

Here  the  weight  {w)  at  the  limit  of  elasticity  is  1010  lbs.,  and  the  cor- 
responding  deflection  (I)  is  1-320. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (DJ  »=  -0013007. 

By  formida  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (£) 
=  30,335,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  »  29,585,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  60-000. 

By  formula  (9). — ^Work  of  deflection  (w)  for  unity  of  section  =  49-406. 

By  formula  (12) Value  of  C,  the  unit  of  working  strength  =  6-671  tons. 
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193 


TBAVSTEBSE  STKAUT. 


£xp.  XXyin.~Bar  of  Steel  from  Messrs.  Bessemer  <&  Co.,  Sheffield.  Di- 
mension of  bar  -99  inch  square.  Length  between  supports  4  feet 
6 inches.    Mark  on  bar,  "B&  1." 


5a  of 

Weight  ULd 

Befldotion, 

Permanent 

on,  in 

in 

let,  in 

Bemarkfl. 

£X{k 

Ibe. 

indiM. 

inches. 

1 

100 

•155 

•  •  •  • 

Specimen  of  hard  Bessemer 

2 

200 

•294 

-010 

steel. 

3 

300 

•434 

4 

400 

•570 

5 

600 

•710 

-012 

6 

600 

•840 

7 

700 

•980 

•010 

8 

750 

1-050 

9 

800 

1-090 

10 

850 

1-170 

• . . . 

This  is  a  valuable  quality  of 

11 

900 

1-250 

metal. 

12 

950 

1-320 

•010 

13 

1000 

1-390 

14 

1050 

1-450 

15 

1100 

1-530 

•023 

16 

1200 

1-690 

•060 

17 

1300 

1-990 

•165 

18 

1350 

2-180 

19 

1400 

2-520 

•519 

2i) 

1450 

3-660 

1-450 

Disabled  with  this  weight. 

EesulU  of  Exp.  XXVin. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1110  lbs.,  and  the  cor- 
responding deflection  (2)  is  1-530. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
sad  section  (Dj)  =  •0021814. 

Bj  fbnnida  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 

*  29,652,000. 

By  fbrmuk  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
P»«are  a  29,104,000. 
%  formula  (8). — ^Work  of  deflection  (IT)  up  to  the  limit  of  elasticity 

*  70-762. 

By  formula  (9).— Work  of  deflection  (tt)  for  unity  of  section  «  72199. 
By  formula  (12).— Value  of  C,  the  unit  of  working  strength  —  6-882  tons. 
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Il£POBT 1867. 


T&iKSYEBSX  STBAIN. 


Exp.  XXIX. — ^Bar  of  Steel  from  Messn.  Besaemer  &  Co.,  BheffialcL  Diinen- 
sion  of  bar  1  x  1^02  inch.  Lengtli  between  supports  4  feet  6  inchee. 
Mark  on  bar,  «B  S  2.'' 


^T               ^ 

Weight  bid 

Deflection, 

Permanent 

No.  of 

on,  In 

in 

Betf  in 

Bemarks.                     ' 

Bxp. 

Ibi. 

inoheB. 

inches. 

1 

100 

•144 

•   •    •   • 

Specimen  of  milder  Besse- 

2 

200 

•274 

•021 

mer  steel  than  N'o.  1. 

3 

300 

•306 

• 

4 

400 

•466 

•029 

• 

5 

500 

•690 

•030 

* 

6 

600 

•716 

7 

700 

•860 

•030 

8 

750 

•910 

9 

800 

•970 

•030 

10 

860 

1^020 

11 

900 

1^110 

•034 

12 

960 

1^270 

•047 

13 

1000 

1^340 

14 

1050 

1^540 

• 

15 

1100 

2^98 

1^565 

Bestdts  of  Exp.  XXIX. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  910  lbs.,  and  the  cor- 
responding deflection  (^)  is  1^1 10. 

By  formula  (6). — ^llie  mean  value  of  the  deflection  for  imity  of  pressure 
and  section  (DJ  =  '0012946. 

By  formida  (7). — ^The  mean  value  of  the  modulus  of  ehsticity  (E) 
=  30,478,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  28,379,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  clasticitT 
=  42'087. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  ==  41  •261. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =3  6^317  tons. 
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TKkSSWBSR  HTSJlDX, 


£xp.  XXX. — Bar  of  Steel  firom  Messrs.  Bessemer  &  Co.^  Sheffield.  Dimen- 
sion  of  bar  •957  X  '966  inch.  Length  between  supports  4  feet  6 
inches.     Mark  on  bar,  «  B  S  3.'' 


1  Xoof 

Weight  laid 

Deflection, 

Permsnent 

1 

on,  m 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

100 

•176 

•    .     a    • 

Specimen  of  soft  Bessemer 

2 

200 

•328 

•006 

steel. 

3 

300 

•479 

4 

400 

•628 

•009 

d 

450 

•704 

6 

500 

•788 

•014 

i 

600 

•944 

8 

650 

1^034 

9 

700 

1-094 

•026 

10 

750 

1-204 

11 

800 

1^454 

•237 

This  bar  is  muoh  inferior  to 
the  two  preceding  ones. 

BemlU  of  Exp,  XXX. 

Here  the  weight  (to)  at  the  limit  of  elasticity  is  710  lbs.,  and  the  cor- 
legponding  deflection  (3)  is  1-094. 

By  formtila  (6). — Tixe  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)= -0015293. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=29^10,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pnaBnre=ss28,5i36,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  eksticity 
==32-364. 

By  formula  (9). — Work  of  deflection  (u)  for  unity  of  section  «s835-008. 

By  formula  (12). — ^Value  of  C,  the  unit  of  working  strength«»4*778  tons. 
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REPORT — 1867. 


TRANSVERSK  STRAIN. 


Exp.  XXXI. — Bar  of  Steel  from  Messrs.  Sanderson  Brothers,  Sheffield 
Dimension  of  bar  1*048  inch  square.  Length  between  support: 
4  feet  6  inches.    Mark  on  bar,  *'  S  1." 


No  of 
Exp. 

Weight  laid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

100 

•114 

•  •  •  • 

Specimen  of   bar   of     cast 

2 

200 

•216 

•002 

steel,  from  K.  B.,  a  Rus- 

3 

300 

•322 

sian    iron,    suitable     for! 

4 

400 

•424 

welding.                              j 

5 

600 

•530 

-002 

6 

600 

•640 

7 

700 

•740 

•002 

8 

800 

•856 

•002 

1 

9 

900 

•990 

•004 

1 

1 

10 

950 

1-050 

•006 

1 

11 

1000 

1130 

1 

12 

1050 

1-180 

1 

13 

1100 

1-240 

-057 

14 

1150 

1-340 

15 

1200 

1-440 

16 

1250 

1-500 

17 

1300 

1^590 

•409 

18 

1350 

2-100 

19 

1400 

2-790 

1 
1 

20 

1450 

3-480 

1-720 

BestUts  of  Exp.  XXXI. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1060  lbs.,  and  the  cor* 
responding  deflection  (i)  is  1*180. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D,)= -0012822. 

By  formula  (7).— The  mean  value  of  the  modulus  of  elasticity  (E) 
=30,700,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  ll)s.| 
pressure =31, 482,000. 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=52-116. 

By  formula  (9). — Work  of  deflection  (u)  for  unity  of  section =47-452. 

By  formula  (12). — ^Yalue  of  C,  the  unit  of  working  strength =5-539  tons. 
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197 


TRAirSTXBSE  STBUN. 


£xp.  XXXn. — ^Bar  of  Steel  from  Messrs.  Sanderson  Brotliers,  Shei&eld. 
Dimension  of  bar  1*044  inch  square.  Length  between  supports 
4  feet  6  inches.    Mark  on  bar,  <'  S  2." 


Exp. 

Weight  kid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

100 

•130 

Specimen  of  double   shear 

2 

200 

•238 

-010 

steel,    from    Q    Swedish 
iron. 

3 

300 

•342 

4 

400 

•448 

5 

500 

•568 

-010 

'     6 

600 

•682 

700 

•794 

8 

800 

•920 

•010 

9 

900 

1^040 

•018 

10 

950 

1-110 

-054 

11 

1000 

1^190 

•075 

12 

1100 

1-680 

•427 

13 

1200 

2-110 

14 

1250 

2-470 

15 

1300 

2-740 

•954 

16 

1350 

3-130 

1-450 

Besults  of  Exp.  XXXII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  910  lbs.,  and  the  cor- 
'responding  deflection  (l)  is  1*040. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D^)  =  -0013412. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=29,351,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure==28,074,000. 

By  formula  (8). — ^The  work  of  deflection  (XJ)  up  to  the  limit  of  elasticity 
=39-433. 

By  formula  (9).— Work  of  deflection  («)  for  unity  of  section =37-022. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength =4-808  tons. 
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REPORT — 1867. 


THiKSTEBSE  STRAIV. 


Exp.  XXXIII. — Bar  of  Steel  from  Messrs.  Sanderson  Brothers,  ShefSe 
Dimension  of  bar  1*024  inch  square.  Length  betwecm  suppo] 
4  feet  6  inches.     Mark  on  bar,  "  8  3." 


No.  of 

Weight  laid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarkp. 

J£zp. 

lbs. 

inches. 

inches. 

1 

100 

•132 

•   •    •    • 

Specimen   of   sing^lo     shcaj 

2 

200 

•250 

-004 

steel  from  G  a   Swodisl 
iron. 

3 

300 

•364 

4 

400 

•478 

6 

600 

•596 

-004 

6 

600 

•716 

7 

700 

•832 

•004 

8 

800 

•956 

-004 

9 

900 

1-076 

-004 

10 

950 

1-136 

•007 

A  fine   flexible   metal,  not 

11 

1000 

1-186 

subject  to  fractaro. 

12 

1050 

1-256 

13 

1100 

1-306 

•021 

14 

1200 

1-416 

15 

1300 

1-586 

•045 

16 

1500 

2-546 

•647 

17 

1600 

3-576 

1-883 

1 

Besults  of  Exp.  XXXTIT. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1210  lbs.,  and  the  cor- 
responding deflection  (J)  is  1*416. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D^)  =  -0012963. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=30,368,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure=29,858,000. 

By  formula  (8) ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 

=71-390. 

By  formula  (9). — Work  of  deflection  (m)  for  unity  of  section  saj68-082. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength =6^780  U>ns. 
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TRAK8TS&B8  STRAIK. 


Exp.  JtXXIY.— Bar  of  Steel  from  Kessn.  Sanderson  Brothers,  Sheffield. 
Dimension  of  bar  1*046  inch  square.  Length  between  supports 
4  feet  6  inches.    J^k  on  bar,  *'  S  4." 


1  yaof 
1  Eip. 

Weight  laid 
on,  in 

Deflection, 
in 

Permanent 
set,  in 

Bemarks. 

IbB. 

inches. 

inches. 

1 

100 

•124 

•   •    •   • 

Bar  of  faggot-steel  drawn 

2 

200 

•235 

•008 

from  ^  bar*steel,  simply 

3 

300 

•341 

welded  to  make  it  sound. 

4 

400 

•446 

5 

600 

•650 

•008 

I     ^ 

600 

•667 

700 

•768 

8 

800 

•890 

•008 

9 

900 

1-000 

10 

950 

1-050 

-Oil 

11 

1000 

1-120 

12 

1050 

1-170 

13 

1100 

1-240 

•045 

14 

1150 

1-320 

15 

1200 

1-460 

16 

1300 

2-300 

•763 

17 

1400 

3-190 

1*479 

Sinking  with  this  load. 

Besults  of  Exp.  XXXIV. 

Here  the  weight  (w)  at  the  Hmit  of  elasticity  is  1060  lbs.,  and  the  cor- 
responding deflection  (l)  is  1-170. 

%  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
Midsection  (D^)  =  •0013616. 

Bj  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  29,922,000. 

By  fonnula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
prejsure  =  29,184,000. 

By  fonnula  (8). — Work  of  deflection  (TJ)  up  to  the  limit  of  elasticity 
=  51-675. 

By  fonnula  (9). — ^Work  of  deflection  (tt)  for  unity  of  section  =  47*230. 

By  fonnula  (12).— Value  of  C,  the  unit  of  working  strength  =  5-572  tons. 


202 


REPORT — 1867. 


TBANSYBBSE  STBADT. 


Exp.  XXXVn.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  D 
mension  of  bar  1'032  inch  square.  Length  between  suppor 
4  feet  6  inches.    Mark  on  bar,  "  B.*' 


No.  of 
Exp. 

Weight  laid 

Deflection, 

Permanent 

on,  in 

in 

set^  in 

Bem&rka. 

lbs. 

inches. 

inches. 

1 

100 

•122 

.  •  .  . 

Specimen  of  steel   used  in 

2 

200 

•233 

-002 

the  manufacture  of  driUs. 

3 

300 

•358 

4 

400 

•460 

•003 

5 

600 

•580 

6 

600 

•690 

7 

700 

•830 

•004 

8 

800 

•930 

9 

950 

1^100 

•004 

10 

1050 

1-220 

•Oil 

Useful  tool  stocl. 

11 

1100 

1-280 

12 

1150 

1-340 

•014 

13 

1200 

1-410 

14 

1250 

1-480 

•030 

15 

1300 

1-540 

16 

1360 

1-630 

■037 

17 

1400 

1^700 

18 

1460 

1-870 

19 

1500 

2-140 

20 

1600 

2-810 

•748 

Disabled. 

Results  of  Exp,  XXXVII. 

Here  the  Weight  (w)  at  the  limit  of  elasticity  is  1210  lbs.;  and  the  corre- 
sponding deflection  {I)  is  1-410. 

By  formula  (6). — ^The  mean  value  of  the  dofloction  for  unity  of  pressure 
and  section  (DJ  =  -0012958. 

By  formula  (7).' — ^The  mean  value  of  the  modulus  of  elasticity  {^) 
=  30,390,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  «  31,297,000. 

By  formula  (8). — ^Work  of  deflection  (TJ)  up  to  the  limit  of  elasticity 
=  71-087. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =s  66-748. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  =  6-625  tons. 
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TAAK87BB8E  fiTRAIK. 


Eip.  XXXym. — Bat  of  Steel  from  MeSBn.  Turton  and  Sona,  Sheffield. 
Dimension  of  bar  *998  incb  square*  Length  between  supports  4  feet 
6  inches.     Hark  on  bar,  "  C." 


Xo.  of 
£ip. 

Weigbt  laid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarks. 

Iba. 

inches. 

inches. 

1 

100 

•137 

•   •    •   • 

Specimen  of  steel  used  in  the 

2 

200 

•259 

manufacture  of  cutters. 

3 

300 

•395 

4 

400 

•527 

•024 

0 

500 

•645 

6 

600 

•770 

7 

700 

•915 

•025 

8 

800 

1035 

9 

950 

1-225 

•025 

The  same  in  quality  os  that 

10 

1050 

1-335 

in  the   previous  experi- 

11 

1100 

1-415 

•031 

ment. 

12 

1150 

1-495 

•034 

13 

1200 

1-575 

14 

1250 

1-685 

•077 

15 

1300 

1-805 

16 

1350 

2-306 

17 

1400 

2-935 

•968 

Sunk. 

1 

w 

Besults  of  Evj}.  XXXVIII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1100  lbs.,  and  the  cor- 
responding deflection  (2)  is  1-415. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
aad  section  (B,)  =  -0012598. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (£) 
=  31^7,000. 

By  formula  (2).— The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  31,859,000. 

By  formula  (8). — Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  65-443. 

By  formula  (9). — Work  of  deflection  (ti)  for  unity  of  section  =  65-705. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =  6-718  tons. 
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IRAX8YEBSE  ffSRAJir, 


Exp.  XXXIX. — Bar  of  Steel  from  Messrs.  Turton  and  Sons,  Sheffield. 
Dimension  of  bar  '986  inch  square.  Length  between  supports  4  feet 
6  inches.    Hark  on  bar,  "  D." 


No.  of 
Exp. 


Weight  laid 

on,  in 

lbs. 


Deflection, 

in 

inches. 


Permanent 
Bet,  in 
inches. 


Bemarks. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 


100 

200 

300 

400 

500 

600 

700 

800 

950 

1000 

1050 

1100 

1150 

1200 

1250 


•141 

•278 

•417 

•558 

•693 

•828 

•978 

1-078 

1-348 

1-408 

1-488 

1-578 

1-828 

2-078 

2-538 


•  •   •  • 


Specimen  of,  steel  used  in 
the  construction  of  turn- 
ing tools. 


•001 
'002 
•009 


•055 

•185 

•619 


The  same  quality  as  before.  ' 


Hesults  of  Exp.  XXXIX. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1010  lbs.,  and  the  cor- 
responding deflection  (d)  is  1*408. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D,)  =  -001287. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  30,887,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  32,462,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  59-253. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =  60-949. 

By  formula  (12). — ^Value  of  C,  the  umt  of  working  strength  =  6-337  tone. 
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TRASBYEBSE  STRAIN. 


£xp.  XL— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Dimension 
of  bar  1*02  inch  sqnare.  Length  between  supports  4  feet  6  inches. 
Mark  on  bar,  "  E." 


lHo.  of 

Wd^t  laid 

I>eflection, 

Permanent 

, 

Sip. 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

100 

•130 

. .  • . 

Specimen  of  steel  used  in 

2 

200 

•254 

the  manufacture  of  ma- 

'    3 

300 

•373 

chinery. 

4 

400 

•484 

•004 

5 

600 

•593 

•006 

6 

600 

•718 

700 

•842 

8 

800 

•982 

•007 

9 

950 

1-172 

•Oil 

The  whole  of  these  specimens 

10 

1050 

1-262 

(XX3:vi.,     icni\ii.y 

11 

1100 

1-342 

•014 

xx3:viii.,    iiiwjx.. 

12 

1150 

1-402 

•015 

and  XL.)  are  remarkable 

13 

1200 

1-472 

for  nniformity  in  strength 

U 

1300 

1-722 

•138 

and  texture. 

15 

1360 

1-942 

16 

1400 

2-162 

17 

1450 

2-472 

18 

1500 

2-842 

•818 

Resuks  of  Exp.  "KL. 

Heie  the  weight  {w)  at  the  limit  of  elasticity  is  1160  lbs.,  and  the  corre- 
sponding deflection  (c)  is  1-402. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D,)  =-001303. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=30^11,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
piwsure  =  30,764,000. 

By  formula  (8). — ^Work  of  deflection  (TJ)  up  to  the  limit  of  elasticity 
=  67-763. 

By  formula  (9). — ^Work  of  deflection  {u)  for  unity  of  section  =  65-131. 

By  formula  (12), — ^Value  of  C,  the  unit  of  working  strength  =  6-576  tons. 
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TRANSYEBSE  STBAIK. 


Exp.  XLI. — Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Dimensioi 
of  bar  1*02  inch  square.  Length  between  supports  4  feet  6  inches 
Mark  on  bar,  «  F.'' 


No.  of 

Weight  laid 

Deflection, 

Permanent 

Exp. 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

inches. 

1 

100 

•123 

« #  .  • 

Specimen  of  steel  used  in  the 

2 

200     • 

•242 

manufacture  of  punches. 

3 

300 

•396 

' 

4 

400 

•487 

6 

600 

'605 

6 

600 

•735 

■ 

7 

700 

•866 

•000 

* 

8 

800 

•976 

•000 

9 

950 

1-156 

•015 

10 

1100 

1-426 

•099 

11 

1150 

1-616 

•169 

12 

1300 

2-266 

•555 

13 

1400 

2-876 

•982 

Disabled, 

EtmUs  of  Exp,  XLI. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  960  lbs.,  and  the  corre- 
spending  deflection  (3)  is  1*156. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (DJ  =  -001302. 

By  formtda  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=  30,218,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  119  lbs. 
pressure  ==  32,480,000. 

By  formula  (8).— Work  of  deflection  (IT)  up  to  the  limit  of  elasticity 
=  46-240. 

By  formula  (9). — Work  of  deflection  (u)  for  unity  of  section  =  44-444. 

By  formula  (12).— Yalue  of  C,  the  unit  of  working  strength  =  6-440  tons. 
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TKAKSTEBSE  STRAIN. 


£ir.  XLTT. — ^Bar  of  Steel  from  Kessrs.  Turton  &  Sons,  Sheffield.  Dimension 
of  bar  '995  inch  square.  Length  between  supports  4  feet  6  inches. 
Mark  on  bar,  «  G." 


Xaof 

Weight  laid 

Deflection, 

Permanent 

&]). 

on,  in 

in 

tet,  in 

Bemarks. 

lbs. 

inches. 

inches. 

.      1 

100 

•141 

Specimen  of  steel  used  in  the 

2 

200 

•280 

manufacture  of  Mint  dies. 

3 

300 

•410 

4 

400 

•541 

'009 

5 

600 

•672 

•010 

6 

600 

•805 

>• 
1 

700 

•950 

8 

800 

1-070 

-009 

9 

900 

1-210 

10 

950 

1-290 

•Oil 

11 

1050 

1-620 

12 

1100 

2-250 

•735 

13 

1150 

3-280 

1^627 

Sunk  under  load. 

Results  of  Exp.  XLU. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  960  lbs.,  and  the  corre- 
r-ponding  deflection  (?)  is  1^290. 

By  formula  (6). — The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D,)  ==  '001295. 

By  formula  (7).— -The  meftn  value  of  the  modulus  of  elasticity  (E) 
=  30,398,000. 

By  formula  (2).— The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
prwOTre  =  31,325,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  51-600. 

By  formula  (9).— Work  of  deflection  (u)  for  unity  of  section  =  62-120. 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  =  6-161  tons. 
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TB.^NSY£B8£  STRAIN. 


Exp.  XLIII. — Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Dimensioii 
of  bar  1-012  inch  square.  Length  between  supports  4  feet  6  inches. 
Mark  on  bar,  "  H." 


No  of 

Weight  laid 

Deflection, 

Permanent 

Exp. 

on,  in 

in 

set,  in 

Bemarks. 

lbs. 

inches. 

indies. 

1 

100 

•150 

•    •    •    • 

Specimen  of  steel  used  in 

the 

2 

200 

•282 

manufacture  of  dies. 

3 

300 

•406 

■ 

4 

400 

•533 

•Oil 

5 

600 

•653 

•016 

6 

600 

•782 

7 

700 

•910 

•021 

8 

800 

1-050 

9 

900 

1^190 

1 

10 

950 

1-270 

•021 

11 

1000 

1^350 

1 

12 

1050 

1^470 

•099 

13 

1100 

1^720 

•249 

14 

1150 

2-000 

•432 

15 

1200 

2-390 

16 

1250 

2-820 

•995 

Disabled. 

I 

Results  of  Exy.  XLIII. 

Here  the  weight  {w)  at  the  limit  of  elasticity  is  960  lbs.,  and  the  corre- 
sponding deflection  1^270. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)  =  ^001382. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (E) 
=  28,484,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  27,542,000. 

By  formula  (8).— The  work  of  deflection  (U)  up  to  the  limit  of  elasticitf 
=  50^800. 

By  formula  (9).— Work  of  deflection  (u)  for  unity  of  section  =  49^602. 

By  formula  (12). — Value  of  C,  the  unit  of  working  strength  =  5^570  tons. 
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\ 


I 


TRiKSYSBSE  STBAIN. 


hf.  lUY.^Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Dimen- 
non  of  bar  *98  inch  square.  Length  between  supports  4  feet 
6  inches.    Mark  on  bar,  *<  I." 


'I 


1 

5o.of 
Exp. 

Weight  laid 

Deflection, 

Permanent 

on,  in 

in 

set,  in 

Bemarks. 

Ibt. 

inches. 

inches. 

;  1 

100 

•170 

•   ■    •   • 

Specimen  of  steel  used  in 

2 

200 

•310 

the  manufacture  of  taps. 

'    3 

300 

•456 

4 

400 

•604 

•012 

5 

500 

•746 

•013 

6 

600 

•900 

*• 
1 

700 

1-040 

•012 

8 

800 

1-190 

•018 

9 

900 

1-390 

•030 

10 

950 

1-530 

•094 

11 

1000 

1-900 

-349 

12 

1050 

2-460 

•747 

Disabled. 

BesuUsofEvp.XLLV. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  910  lbs.,  and  the  corrc- 
j^nding  deflection  (3)  is  1-390 

Byfonnula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
ad  section  (D,)  a  -001368. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
« 31,198,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
Pnoure  =  27,646,000. 

By  fonnula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
«=  52*704. 

Byformuk  (9).— Work  of  deflection  (u)  for  unity  of  section  =  64-877. 

Byfonnula  (12). — ^Value  of  C,  the  unit  of  working  strength  =  6-788  tons. 


^7. 
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TBXSBTEBSH  ST&ilN. 


Exp.  XLV.— Bar  of  Steel  from  Mesflra.  Turton  &  Sons,  Sheffield.  Dimci 
sion  of  bar  1*022  inch  square.  Length  between  supports  4  fc 
6  inches.    Mark  on  bar,  "  U/' 


No.  of 

Weight  laid 
on,  in 

Deflection, 
in 

Permanent 
set,  in 

Bemarks. 

Exp. 

lbs. 

inches. 

inches. 

1 

100 

•127 

• .  •  • 

Specimen  of   double  sheai 

2 

200 

•266 

steel. 

3 

300 

•372 

4 

400 

•492 

•007 

5 

600 

•604 

•010 

6 

600 

•730 

7 

700 

•866 

•010 

8 

800 

•986 

•Oil 

9 

960 

1-216 

•034 

10 

•1000 

1-316 

11 

1060 

1-436 

•113 

12 

1100 

1-696 

•277 

13 

1160 

2^136 

•601 

14 

1200 

2-606 

15 

1260 

3-216 

1-420 

BesuUsofEa:p.XLV. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  810  lbs,,  and  the  com 
spending  deflection  (d)  is  -986. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  preasur 
and  section  (DJ  =  -001326. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (£| 
=  29,710,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  ll« 
pressure  =  31,232,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticat} 
r=  33-277. 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section  =  31  •^♦'>«'' 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  =  4-561  toiia 
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Eip.  XLYI.— Bar  of  Steel  from  the  Titanic  Steel  Co.,  J?6fc^t^l  B 

mension    of  bar   1-004    inch  square.      Length/^*^^eei  sfi^ports' 
4  feet  6  inches.    Mark  on  bar,  "  A  X." 


1 
1 

I  Jo.  of 

Weight  laid 

Deflection, 

Permanent 

r^Tj  i^\i  M  ^^y- 

Exp. 

on,  in 

lb6. 

in 
inches. 

set,  in 
inches. 

S^iror^ 

'      1 

50 

•065 

•   *    •   • 

This  steel  is  intended  for 

2 

75 

•095 

rods,  plates,  and  girders. 

:       3 

100 

•133 

,     4 

125 

•163 

,    5 

160 

•195 

1    6 

1 

175 

•231 

t 

200 

•258 

8 

225 

•292 

.     9 

250 

•313 

'.  10 

300 

•383 

i!^ 

350 

•449 

n 

1    «<% 

400 

•508 

We  have  no  particnlars  of 

*  1  < 

450 

•569 

the    properties    of   this 

1  ^* 

500 

•632 

metal.     It  is  one  of  our 

1   15 

'    16    ' 

550 

600 

•692 
•754 

best  specimens. 

i    17 

■ 

650 

•839 

18 

700 

•889 

1    19 

750 

•     ^969 

20 

800 

•999 

21 

850 

1-079 

'   22 

900 

1129 

■   23 

950 

1-199 

24 

1 

1000 

1-279 

:  25 

1050 

1-369 

26 

1100 

1-389 

• 

*>7 

1  *•» 

1 

1150 

1^449 

'  28 

1 

1200 

1-509 

29 

1250 

1-589 

:  30 

1300 

1-669 

-000 

31 

1350 

1-739 

•000 

32 

1400 

1-809 

•000 

1   33 

1450 

1-899 

•012 

U 

1500 

1-969 

•026 

35 

1600 

2-319 

•206 

'   36 

1712 

3-289 

•855 

Experiment  discontinned. 

Results  of  Exjp,  XLVI. 

Here  Uie  weight  (te)  at  the  limit  of  elasticity  Is  1460  lbs.,  tod  the  corresponding  de- 

«rtion  (I)  ifl  1-899. By  formula  (6).— The  mean  value  of  the  deflection  for  unity  of 

P««are  and  section  (D,)  ^  -001265. ^By  formula  (7).— The  mean  Talue  of  the  modu- 

'w  of  elajticity  (E)  «  31,119,000. By  formula  (2).— The  modulus  of  elasticity  (E) 

^oj^wponding  to  112  lbs.  pressure  =  32,120.000. By  formula  (8).--The  work  of  de- 

apction  (U)  up  to  the  limit  of  eksticity  =  115-522. By  formula  (9).— Work  of  deflec- 
tion («)  fop  unity  of  section  »  114-600. By  formula  (12).— Value  of  C,  the  unit  of 

'forkmg  strength  =  8-682  tons. 

q2 
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TRANSTEBSE  STRAIN. 


Exp.  XLVII.— Bar  of  Steel  from  the  Titanic  Steel  Co.,  Worcester.  Diiii( 
sion  of  bar  *99  inch  square.  Length  between  supports  4  feet  6  ind 
Mark  on  bar,  "  B  X." 


vr.       j» 

Weight  Uid 

Deflection, 

Permanent 

ao.  of 

on,  in 

in 

Mt,  in 

Bemarks. 

Exp. 

lb0. 

indies. 

inches. 

1 

50 

•062 

.... 

Steel  intended  for  «  Wh© 

2 

100 

•129 

Tyres." 

3 

150 

•182 

4 

200 

•247 

5 

250 

•322 

6 

300 

•376 

7 

350 

•440 

8 

400 

•500 

9 

450 

•559 

10 

500 

•628 

11 

550 

•692 

12 

600 

•772 

13 

650 

•832 

14 

700 

•892 

15 

750 

•952 

• 

16 

800 

1^012 

17 

850 

1-092 

18 

900 

1-152 

19 

950 

1^212 

•000 

20 

1000 

1-232 

-008 

21 

1050 

1-382 

-027 

22 

1100 

1-482    * 

•078 

1 
1 

23 

1150 

1-612 

•142 

24 

1200 

2-172 

•596 

25 

1250 

3-042 

1-446 

Experiment  discontinued. 

Besidts  of  Exp.  XLVII. 


colj 


Here  the  weight  {w)  at  the  limit  of  elasticity  is  1010  Ibs.^  and  tho 
responding  deflection  {I)  is  1-232.  J 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressiffl 
and  section  (DJ  =  -001177. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticity  (^ 
s=  33,446,000. 

By  formula  (2). — The  modulus  of  elasticity  (E)  corresponding  to  112  IM 
pressure  =  34,935,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  dosiici^ 
=  51-846.  ^^ 

By  formula  (9). — Work  of  deflection  (u)  for  unity  of  section  =  ^^'^^"'^ 

By  formula  (12).— Value  of  C,  the  unit  of  working  strength  =  6621  ton* 
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TBAirsySBSE  BTBAlir. 


Ex?.  XLVm.— Bar  of  Steel  from  the  Titanic  Steel  Co.,  Worcester.  Dimen- 
don  of  bar  1'002  inch  square.  Length  between  supports  4  feet 
6  inches.     Mark  on  bar,  "  C  X" 


5o.of 

Weight  laid 

Deflection, 

Pemument 

Sip. 

on,  in 

in 

set,  in 

Bemarks. 

Ifae. 

inches. 

inchen. 

1 

50 

•062 

•   •    •   • 

Steel  intended   for  general 

2 

100 

•123 

purposes. 

3 

150 

•185 

4 

200 

•256 

5 

250 

•319 

:    s 

300 

•376 

i    7 

350 

•443 

'    8 

400 

■505 

9 

450 

•572 

10 

500 

•631 

• 

11 

650 

•692 

12 

600 

•752 

iS 

650 

•829 

14 

700 

•889 

15 

750 

•959 

16 

800 

1029 

17 

850 

M19 

18 

900 

1-169 

-000 

19 

950 

1-249 

•004 

20 

1000 

1-329 

•032 

21 

1050 

1-459 

•099 

1100 

1-719 

-282 

■  3 

1150 

1-899 

1-296 

Experiment  discontinued. 

BestiUs  of  Exp.  XLVin. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  960  lbs.,  and  the  corre- 
sponding deflection  {I)  is  1-249. 

Bj  formula  (6). — ^Tbe  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (D,)  =  -001237. 

By  formula  (7). — ^The  mean  value  of  the  modulus  of  elasticity  (E) 
=  31,823,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressuie  =  34,879,000. 

By  formula  (8).— Work  of  deflection  (U)  up  to  the  limit  of  elasticity 
=  49-960. 

By  formula  (9).— Work  of  deflection  (w)  for  unity  of  section  =  49-76. 

By  formula  (12). — ^Value  of  C,  the  unit  of  working  strength  =5-739  tons. 
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TRANBYEBSE  STBAIK. 


Exp.  XLTX. — ^Bar  of  Steel  from  the  Titanic  Steel  Co.,  Worcester.  Dimci 
sion  of  bar  1*008  inch  square.  Length  between  supports  4feet6inch^ 
Mark  on  bar,  "  D  X." 


No.  of 

Weight  laid 

Deflection, 

Peraument 

]^. 

on,  in 

in 

set,  in 

Beraarkk 

lbs. 

inches. 

indies. 

1 

50 

•059 

.... 

Steel  intended  for  "  NVhee 

2 

100 

•138 

Tyrefl.'' 

3 

150 

•178 

4 

200 

•248 

5 

250 

•316 

6 

300 

•384 

7 

350 

•440 

8 

400 

•500 

9 

450 

•559 

10 

500 

•621 

11 

550 

•687 

12 

600 

•748 

13 

650 

•808 

■ 

14 

700 

•878 

15 

750 

•938 

16 

800 

1-018 

•000 

17 

850 

1-098 

•018 

18 

900 

1-188 

•046 

19 

950 

1-348 

•159 

20 

1000 

3-308 

1^997 

Experiment  discontinued. 

JlemltsofEjcp.l^lAX. 

Here  the  weight  ( 

w)  at  the  limit  of  elasticity  is  860  lbs.,  and  the  com 

spending  deflection  ( 

g)  is  1-098. 

By  formula  (6). — 

The  mean  value  of  the  deflection  for  unity  of  pressnn 

and  section  (D^)  = 

•001261. 

By  formula  (7).- 

—The  mean  value  of  the  modulus  of  elasticity  (E 

=  31,218,000. 

By  formula  (2).     ' 

The  modulus  of  elasticity  (E)  corresponding  to  1121K<i 

pressure  =  30,418,C 

100. 

By  formula  (8).— 

The  work  of  deflection  (TJ)  up  to  the  limit  of  elasticiti 

=  39-345. 

By  formula  (9). — 

■Work  of  deflection  (u)  for  unity  of  section  =  36-91o. 

Byfo 

rmula  (12).- 

-Yalue  of  C, 

the  unit  of  i» 

'^orking  strength  =  4-699  tons. 

ON  THE  MECHANICAL  PROPERTIES  OP  STEEL. 
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TEA2«SYEBS£  STBAIN. 

£ip.  L— Bar  of  Steel  from  the  Barrow  HaBmatite  Co.,  Pumess.  Dimension 
of  bar  1*02  inch,  square.  Length  between  supports  4  feet  6  inches. 
ITark  on  bar,  "  H 1." 


r 

Jo.  of 

Wflight  laid 
on,  in 

Deflection, 

in 

Permanent 
Bet,  in 

Bemarkfl. 

lbs. 

inches. 

inches. 

.  1 

60 

•066 

«    •    •   • 

Hard  steel. 

!    -2 

100 

•118 

3 

150 

•179 

4 

200 

•240 

0 

250 

•309 

6 

300 

•364 

350 

•426 

\  s 

400 

•491 

1    9 

450 

•565 

1  H 

500 

•611 

n 

550 

•676 

'  12 

600 

•742 

;  1^ 

650 

•803 

14 

700 

•866 

15 

750 

•946 

16 

800 

1^006 

17 

850 

1-076 

18 

900 

1-146 

19 
2() 
21 

950 
1000 
1050 

1-206 
1-266 
1-346 

22 

1100 

1-406 

•000 

23 

1150 

1-476 

•000 

• 

24 

1200 

1-546 

-016 

)  25 

1250 

1-646 

•055 

i2(> 

1300 

1-796 

•133 

(27 

1350 

2-166 

•429 

I  .70 

1400 

1 

2-746 

•883 

Experiment  discontinued. 

Beaults  of  Exp.  L. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  1210  lbs.,  and  the  corre- 
sponding deflection  \l)  is  1-546. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
Juid  section  (D^)  =  -001308. 

By  formula  (7). — ^The  mean  value  of  the  modxdus  of  elasticity  (E) 
=  30,096,000. 

By  formula  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pressure  =  33,830,000. 

By  formula  (8). — ^Work  of  deflection  (XJ)  up  to  the  limit  of  elasticity 
=  77-944. 

By  formula  (9).— Work  of  deflection  (i*)  for  unity  of  section  =  77-917. 

By  fomula  (12). — ^Value  of  C,  the  unit  of  working  strength  =  6-860  tons. 
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XBAmnrBBfiB  sTRAnr. 


Exp.  LI. — Bar  of  Steel  from  the  Banow  Hsematite  Co.,  Fomess.  DimeH 
sion  of  bar  *995  inch  square.  Length  between  supports  4  M 
6  inches.    Mark  on  bar,  "  H  2."  ^ 


No  nf 

Weight  laid 

Deflection, 

Pennaoent 

■ 

J^Ut  111 

Kxp. 

on,  in 

in 

set,  in 

Bemarks. 

IbB. 

inches. 

inches. 

1 

50 

•065 

•  • .  • 

Soft  steeL 

2 

100 

•128 

•f 

3 

150 

•201 

4 

200 

•266 

5 

250 

•330 

6 

300 

•396 

7 

350 

•466 

8 

400 

•534 

9 

450 

•601 

10 

500 

•682 

•000 

\ 

11 

550 

•760 

•027 

12 

600 

•880 

•052 

13 

650 

1-020 

•115 

14 

700 

2-040 

1-068 

15 

750 

•  «  •  • 

•  • 

Destroyed. 

Remits  of  Exp.  LI.  { 

Here  the  weight  (to)  at  the  limit  of  elasticity  is  510  lbs.,  and  the  edi 
spending  deflection  {K)  is  •682. 

By  formula  (6). — The  mean  valae  of  the  deflection  for  unity  of  preaai 
and  section  (D,)= ^001280. 

By  formula  (7). — The  mean  value  of  the  modulus  of  elasticitv  (i 
=30,754,000.  J 

By  formula  (2). — ^The  modulus  of  elasticity  (£)  corresponding  to  1121 
pre8sure=34,443,000.  ; 

By  formula  (8). — ^Work  of  deflection  (U)  up  to  the  limit  of  elastid 
=  14-242 

By  formula  (9). — ^Work  of  deflection  (u)  for  unity  of  section = 14-383. 

By  formula  (12). — Yalue  of  (C),  the  unit  of  working  strength  =3'1'- 
tons. 
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TRANSTEB8E  STRIDT. 


Zip.  Ln. — Bar  of  Steel  from  the  Barrow  Hflcmatitc  Co.,  Fumess.  Dimen- 
sioa  of  bar  1*01  inch  square.  Length  between  supports  4  feet 
6  inches.     Mark  on  bar,  "  H  3." 


\0.flf 

Weight  laid 

Deflection, 

Permiment 

on,  in 

in 

set,  in 

BemarkR. 

lbs. 

inches. 

indies. 

'  1 

50 

•074 

• .  .  • 

Soft  steel. 

2 

100 

•127 

3 

150 

•195 

4 

200 

•262 

;  5 

250 

•aso 

6 

300 

•395 

1. 
1 

350 

•453 

8 

400 

•515 

•    9 

450 

•577 

•000 

10 

500 

•645 

•007 

U 

550 

•716 

•018 

12 

600 

•793 

•019 

i 

13 

650 

•873 

•032 

1 

14 

700 

1-029 

•118 

15 

750 

1-279 

-287 

16 

1 

800 

2-709 

1-625 

Experiment  discontinued. 

Results  of  Earp,  LII. 

Here  the  weight  (w)  at  the  limit  of  elasticity  is  610  lbs.,  and  the  corre- 
n«nding  deflection  \i)  is  -793. 

By  formula  (6). — ^The  mean  value  of  the  deflection  for  unity  of  pressure 
and  section  (Dj)= -001319. 

By  formtda  (7). — The  mean  value  of  the  modulus  of  elasticitv  (E^ 
-2^,717,000. 

By  formida  (2). — ^The  modulus  of  elasticity  (E)  corresponding  to  112  lbs. 
pre«ure=32,717,000. 

By  formula  (8).— Work"  of  deflection  (XJ)  up  to  the  limit  of  elasticity 
=20-155. 

By  formula  (9).— Work  of  deflection  (tt)  for  unity  of  section =19-757. 
By  formula  (12).— Value  of  C,  the  unit  of  working  8trength= 3-540  tons. 
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From  the  above  Summary  of  Kesults  may  be  taken  almost  every  descrip- 
tion of  steel  mannfiEictnred  for  the  purposes  of  construction,  when  subjected  to 
a  transverse  strain.  The  utmost  care  has  been  taken  to  work  out  the  con- 
ditions and  properties  of  the  specimens ;  and  assuming  that  these  conditions 
would  be  fuIQlled  by  the  manufacturer,  the  engineer,  the  architect,  or  the 
builder,  he  could  have  no  difficulty  in  selecting  such  material  as  he  may 
require  in  the  varied  forms  of  constructions  and  uses  for  which  it  is  in- 
\       \      tended.  "^ 

It  will  be  observed  that  in  every  description  of  manufacture,  and  in  every 
description  of  each  manufacture,  the  whole  of  the  transverse  properties 
have  been  determined,  both  as  regards  the  modulus  of  elasticity  and  de- 
flection, and  the  measure  of  work  done  (as  indicated  by  the  unit  of  working 
strength,  which  will  be  found  in  the  last  column).  The  deflections  up  to  the 
limit  of  weights  laid  on,  as  also  for  unity  of  section,  will  be  found  in  the 
fourth  and  fifth  columns. 

It  might  have  been  desirable  to  have  received  from  the  makers  more  ex- 
tended information  as  regards  the  different  processes  of  conversion,  and  the 
quality  of  the  ores,  crude  iron,  &c.  from  which  the  specimens  were  obtained; 
these  with  the  chemical  constituents  of  the  material  would  have  been  highly 
valuable.  But  in  my  endeavours  to  arrive  at  correct  results,  much  had  to  be 
left  to  the  discretion^'of  those  who  selected  the  samples,  and  to  the  honesty 
of  purpose  by  which  they  were  guided  in  the  selection.  It  is  only  natural 
that  the  manufacturer  should  select  samples  from  which  the  best  results 
would  be  obtained,  in  order  that  ho  might  in  every  test  stand  high  in  the 
scale  of  utility.  On  the  other  hand,  it  must  be  observed  that  it  is  not  the 
material  of  the  greatest  density  and  strength  that  is  required  on  all  occasions ; 
on  the  contrary,  it  is  quite  the  reverse  for  many  purposes,  as  in  some  cases  it 
is  essential  to  have  the  metal  soft  and  ductile,  easily  worked,  and  convertible 
into  shapes  where  its  flexibility  would  be  important.  Again,  any  hard 
brittle  steel  capable  of  retaining  a  fine  edge  is  of  inestimable  use  for  tools, 
but  it  is  totally  inapplicable  to  structural  purposes,  where  elasticity  and 
strength  is  required  for  endurance.  All  these  are  points  which  I  have  en- 
deavoured to  attain  and  simplify  in  the  experiments,  and  having  indicated 
their  properties  in  the  above  Summary  on  Transverse  Strain,  we  now  proceed 
to  those  which  refer  to  tension. 

In  submitting  wrought  iron  or  steel  bars  to  a  transverse  strain,  the  same 
results  are  not  obtained  as  in  cast  iron,  as  bars  4  feet  6  inches  long  of  the 
former  material  will  bend  or  deflect  through  a  depth  of  some  feet  before 
fracture  ensues,  the  deflections  in  this  case  being  equivalent  to  a  permanent 
set  nearly  equal  to  the  deflection.  Under  these  conditions,  when  the  per- 
manent set  arrives  at  one-half  the  amount  of  the  deflection,  I  have  considered 
the  resisting  powers  of  the  bars  so  much  injured  as  to  render  any  additional 
O  strain  of  no  practical  value.     In  the  case  of  steel  bars  of  greater  density  and 

hardness,  the  same  law  between  the  deflection  and  the  permanent  set  does 
not  exist,  and  Eence  the  diflerence  of  elasticity  in  the  diflerent  kinds  of  steel 
of  which  the  bars  are  composed.  To  remedy  these  discrepancies  and  effect  a 
comparison  between  the  different  qualities  of  the  material,  it  was  necessary 
to  fix  some  limitation  to  the  weights  laid  on,  and  to  ascertain  the  point  of 
strain  corresponding  to  the  elastic  limit, — which  in  the  calculations  is  that 
point  where  the  deflection  is  not  in  excess  of  what  the  law  of  deflection  (vii. 
in  proportion  to  the  strain)  would  indicate,  whilst  the  next  greater  strain 
gives  a  deflection  decidedly  in  excess  of  that  law.  This  is,  however,  clearly 
explained  in  the  abstract  of  results. 
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A  veij  slight  variation  in  the  observed  deflection  at  the  commencement  of 
the  experiments  before  the  bar  had  got  its  natural  set  would  increase  the 
difficulty  of  ascertaining  the  correct  permanent  set  corresponding  to  very 
limited  strains.  We  all  know  when  a  bar  is  a  little  bent  we  can  make  it 
straight  by  hammering  or  by  pressure,  but  the  probability  is  that  the  first 
foim  is  the  natural  disposition  of  the  material. 

This  principle  is  adopted  in  the  calculations,  as  the  elasticity  bf  a  bar  is 
impairednvhen  the  deflection  decidedly  exceeds  what  the  law  of  deflection 
voiild  give*  After  the  elastic  limit  is  passed  the  deflections  increase  in  a 
geometric  progression,  whereas  up  to  that  limit  the  deflectioiis  are  in  propor- 
tion to  the  strain. 

One  of  the  marked  peculiarities  of  steel  as  compared  with  iron  is,  that  the 
lindn  corresponding  to  the  elastic  limit  approaches  more  nearly  the  breaking 
strain.  Hence  will  be  found  the  comparative  high  value  of  tlie  constant  C, 
or  the  unit  of  pressure  determined  for  the  bars.  A  load  of  one-third  the 
breaking  weight  has  always  been  considered  a  safe  rule,  but  it  is  only  con- 
Tentional ;  but  there  is  something  still  wanting  relative  to  the  point  of  strain 
corresponding  to  the  injury  done  to  the  materieJ,  as  the  inference  drawn 
irom  the  Tables  indicates  that  the  strain  producing  the  permanent  set  had 
Bot  seriously  affected  the  soundness  of  the  bars.  This  is  a  question  of  con- 
sderable  importance,  and  requires  further  investigation,  which  I  hope  to 
aocompliah  at  some  future  time. 


SECOND  SERIES  OF  EXPERIMENTS. 


TENSILE  STRAIN. 


Exp.  I. — ^Bar  of  Steel  from  Messrs.  Brown  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar, ''  B 1."  Diameter  of  specimen 
•77  inch.  Area  ^4656  square  inch.  Reduced  diameter  after  fracture 
•77  inch.     Area  ^4656  square  inch. 


,  Ko. 

Weight 
laid  on. 

Per  unit  of  length. 

Bemarks. 

of 
'Exp. 

1 

square  inch  of  section. 

Elongation. 

Permanent 
set 

1 
2 
3 
4 

5 

lbs. 
22009 
25369 
28729 
30304 

31849 

lbs. 
* .  .  • 
«... 
.... 
.  •  . « 

68404 

tons. 

•  •    •    • 

•  •     ■    • 

*  •    *    fl 

*  •    •    » 

30-53 

•0018 
•0018 
•0031 
•0056 

. . .. » 

*    a    •    . 

•0025 

Specimen  of  best 
cast  steel  from 
Russian  and  Swe- 
dish iron.  Used 
for  turning-tools. 

Broke  in  neck. 

Results, — Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
68,404  lbs.,  or  30-53  tons ;  and  the  corresponding  elongation  {\)  per  unit  of 
length  is  -0056.  By  formula  (13). — ^The  work  (m)  expended  in  producing 
rupture  =  191. 
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Exp.  U. — ^Bar  of  Steel  from  Means.  Brown  &  Co.,  Sheffield.  Elongation 
taken  on  8  inches  length.  Mark  on  bar,  *'  £  2."  Diameter  of  apeci 
men  *744  inch.  Area  '4347  square  inoL  Beduced  diameter  afte 
fracture  *74  inch.    Area  '43  square  inch. 


No. 

Per  unit  of  lencth. 

11 

Weight 
laid  on. 

Brealdng  strain  per. 
square  inch  of  section. 

of 
Exp. 

Elongation. 

Permanent 
set. 

Bemarks. 

Ibfl. 

lbs. 

bona. 

1 

10249 

. «  • . 

•   •    «    • 

Spedmen  of  best 

2 

13609 

oast   steel  from 

3 

16969 

Busaian       and 

4 

18649 

Swedish     iron, 

5 

20329 

of  milder  qua- 

6 

23689 

lity  than  No.  L 

7 

25369 

•0012 

Used  for  ehiaeb 

8 

27049 

'0012 

&o. 

9 

28729 

•0012 

10 

30304 

•0012 

11 

31879 

•0012 

12 

33439 

•0087 

13 

36664 

•0118 

14 

38224 

•0276 

16 

39784 

91520       4 

0-85 

•  •   •  • 

•0150 

Broke  in  neck. 

Results. — Here  the  breaking  strain  (PJ  per  square  inch  of  section  \& 
91,520  lbs.,  or  40*85  tons;  and  the  corresponding  dongation  (Z^)  per  unit  of 
length  is  •0275.  By  formula  (13). — ^The  work  (u)  expended  in  producing 
rupture =686. 

Exp.  ni. — Bar  of  Steel  from  Messrs.  Brown  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar, "  B  3."  Diameter  of  specimen 
'602  inch.  Area  '2846  square  inch.  Beduced  diameter  after  fracture 
•602  inch.    Area  '2846  square  inch. 


1 

10451 

• 
•  •   t  fl                   « 

.  •  * « 



Specimen  of  cast 

2 

12131 

•0006 

steel  from  Swe- 

3 

13811 

•0012 

dish  iron;    fof 

4 

16494 

•0012 

tools,  ftc. 

6 

17171 

•0031 

6 

18851 

•0031 

7 

20531 

•0037 

8 

22211 

•0044 

9 

23891 

•0044 

10 

25571 

•0044 

11 

27146 

•0050 

12 

28796 

•0143 

13 

30371 

106714      4 

7-64 

•0100 

Broke  in  neck. 

Results. — ^Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
106,714  lbs.,  or  47*64  tons ;  and  the  corresponding  elongation  (l^  per  "om 
of  length  is  •OHS.  By  formula  (13).— The  work  (w)  expended  in  produ- 
cing rupture =763. 
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Exf.  lY.— -Bar  of  Steel  from  Messn.  Brown  &  Co.,  Sheffield.  Elongations 
taken  on  8  incheB  length.  Mark  on  bar,  "  B  4."  Diameter  of  speci- 
men '737  inch.  Area  *4266  square  inch.  Bednced  diameter  after 
fracture  *726  inch.    Area  '4139  square  inch. 


Per  unit  of  length. 

rf      Weight 

■n     1   lam  on. 

Breaking  strain  per 
square  inoh  of  lection. 

Elongation. 

Permanent 
Bet 

Bemarkfl. 

'       Ibe. 

lbs. 

tone. 

1  1   25369 

•  •  •  • 

•  •  •  • 

•0001 

•  •  •  • 

Specimen  of  cast 

2'  28729 

•0012 

steel  from  Swe- 

3    31849 

•0025 

dish  iron»of  mild- 

4    33439 

•0037 

er  quality  than 

5     35014 

•0118 

No.  3.    Used  for 

6     36664 

•0125 

chisels. 

7     38224 

•0150 

8     39784 

•0181 

9     41344 

•0193 

iO     42904 

•0231 

11     44464 

•0262 

12     46249 

•0293 

13     47959 

•0337 

U  .  49564 

116183 

51-86 

■  •  •  • 

•0362 

Broke  in  neck. 

^  SfsuUa. — ^Here  the  breaking  atrain  (Pj)  per  square  inch  of  section  is  116,183  lbs.,  or 
<>l*86  tons ;  and  the  corresponding  elongation  (/j)  per  unit  of  length  is  •0337,  By 
^ula  (13), — The  work  (u)  expended  in  producing  rupture  —  1957. 


E».  V. — Bar  of  Steel  from  Messrs.  Brown  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar,  *<  B  5."  Diameter  of  spe- 
cimen •608  inch.  Area  ^29  square  inch.  Beduoed  diameter  after 
fracture  -60  inch.    Area  -2827  square  inch. 


1 

10249 

.  •  • . 

*«ft          •*«. 

.  •  •  • 

Specimen  of  steel 

2 

11929 

cast  from  Swe- 

3 

13609 

dish  iron,  of  mild 

4 

15289 

quality  for  weld- 

d 

16969 

•0006 

ing. 

6 

18649 

•0060 

i 

20329 

•0087 

8 

22009 

•0137 

0  ,   23689 

•0168 

10 

25369 

•0187 

11 

27049 

•0250 

12 

28729 

•0300 

13  1  30371 

•0375 

14 

31916 

110055 

4913 

•  •  • . 

•0331 

Broke  in  neck. 

Ji'sults. — ^Here  the  breaking  strain  (P,)  per  square  inch  of  section  is  110,055  lbs.,  or 
^^Jl^tons;  and  the  corresponding  elongation  (/,)  per  unit  of  length  is  '0375.  By 
wmula  (13). — The  work  (w)  exi>cnded  in  producing  rupture  =  2063. 
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Exp.  VI. — Bar  of  Steel  from  Measrs.  Brown  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar,  '*  B  6."  Diameter  of  specimen 
'742  inch.  Area  -4324  square  inch.  Bedaced  diameter  after  fracture 
•525  inch.     Area  '21(54  square  inch. 


No. 

of 

Exp. 

Weight 
laid  on. 

1 

'BiHttkinff 

■fniin  riAi* 

Per  unit  of  length. 

Bemarks. 

square  inch  of  section. 

Elongation. 

Permanent 
set 

1 

lbs. 
10249 

lbs. 

•    at* 

tons. 

•0012 

.  •  • . 

Bar  of  Bessemer 

2 

18649 

-0025 

steeL 

3 

25369 

•0043 

4 

27049 

-0187 

5 

28729 

•0275 

6 

30304 

•0325 

7 

31849 

•0387 

1 

1 

8 

33439 

•0475 

1 

9 

35014 

•0612 

10 

36664 

•0650 

11 

38224 

•0837 

12 

39764 

91972 

41-05 

.... 

•1962 

BesvUts, — ^Here  the  breaking  strain  (P,)  per  square  inch  of  section  is 
91,972  lbs.,  or  41*05  tons ;  and  the  corresponding  elongation  (Z^)  per  miit  of 
length  is  •0837.  By  formula  (13). — ^The  work  (w)  expended  in  producing 
rupture  =  4522. 


Exp.  Vn. — ^Bar  of  Steel  from  Messrs.  Brown  and  Co.,  Sheffield.  Elongatioiis 
taken  on  8  inches  length.  Mark  on  bar,  "  B  7."  Diameter  of  specimen 
•74  inch.  Area  ^43  square  inch.  Eeduced  diameter  after  fractore 
•72  inch.     Area  -4071  square  inch. 


1 

22009 

•0012 

• . .  • 

Specimen  of  doa- 

2 

25369 

•0018 

ble    shear   steel 

3 

28729 

•0143 

from      Swedish 

4 

30304 

•0175 

bar. 

5 

31849 

•0200 

6 

33439 

•0218 

7 

35014 

•0268 

8 

36664 

•0300 

9 

38224 

•0406 

10 

39799 

92555 

41-31 

.  •  ■ . 

•0543 

Broke  in  neck. 

Restdts, — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
92,555  lbs.,  or  41*31  tons ;  and  the  corresponding  elongation  (l,)  per  unit  of 
length  is  -0406.  By  formula  (13). — The  work  (w)  expended  in  producing 
rupture  =  1878. 


' 
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Eip.  Tin.— Bar  of  Steel  from  Messrs.  Brown  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar,  <'  B  8."  Diameter  of  specimen 
-607  inch.  Areas -2893  square  inch.  Braced  diameter  after 
fracture  -555  inch.    Area  *242  square  inch. 


\/l 

Per  unit  of  length. 

AO, 

Weiffht 
1  • « 

Breaking  strain  per 

BemarkB. 

of 

Exp. 

laid  on. 

square  indi  of  seotioiu 

Elongation. 

Permanent 
Bet 

IbB. 

lbs. 

tons. 

1 

10451 

.... 

•      •        •       • 

-0000 

•  •  •  • 

Specimen  of  "fo- 

2 

12131 

•      ■        •       • 

•0000 

reign  bar"   not 

3 

13811 

•      •       t       • 

•0087 

melted,  but  tilted 

4 

15491 

•      •       •      • 

•0250 

direct. 

m 

d 

17171 

•      •    •      • 

•0362 

8 

18851 

•      •        •      • 

•0518 

T  i  20531 

«    •    a    • 

•0968 

[neck. 

8' 

22211 

76774 

34-27 

. .  •  • 

•1356 

Broke  1  inch  from 

5auto. — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
•  W4  lbs.,  or  34*27  tons ;  and  the  corresponding  elongation  (l^)  per  unit  of 
«igtli  is  •0968.     By  formula  (13). — ^The  work  (w)  expended  in  producing 

raptiire=3715. 

^.H.—- Bar  of  Steel  from  Messrs.  Brown  &  Co.^  Sheffield.  Elongations 
taken  on  8  indies  length.  Mark  on  bar, "  B  9."  Diameter  of  specimen 
•606  inch.  Area  ^2884  square  inch.  Eeduced  diameter  after  frac- 
ture -41  inch.    Area  *132  square  inch. 


1 

.  1 

1 

10451 

•  .  «  . 

•  • .  • 

•0143     1     .... 

Specimen   of  (B) 

2 

1  ^ 

12131 

.  .  .  • 

. .  •  • 

•0275 

bar.       English 

3 

13811 

•  •   .  • 

.    •     a    a 

•0412 

tilted         steely 

,1    15494 

1 

■  •   *  . 

•    .    •    • 

•0762 

made  from  En- 
glish  and    fo- 

reign pigs. 

5    17171 

59538 

26-57 

...  * 

•2106 

Broke  in  the  cen- 

\ 

• 

tre. 

^endis, — ^Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
w,.538  lbs.,  or  26^57  tons ;  and  the  corresponding  elongation  (L)  per  unit  of 
«Dgth  is  •0762.  By  formula  (13),— The  work  (m)  expended  m  producing 
fuptare5B2268. 


1^67. 


n 
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Exp.  X,— Bar  of  Steel  from  MeaarB,  Cammell  &  Co.,  Sheffield.  Blonga- 
tiona  taken  on  8-5  inches  length,  Mark  on  bar,  "  1 "  Diameter  of 
epecimen  -608  inch.  Area  -29  square  inch.  Beduoed  diameter 
after  fracture  -606  inch.    Area  -2884  square  inch. 


No. 

iij  _•  1.1. 

Per  unit  of  length. 

• 

of 
Exp. 

Weight 

Breaking  Btraiu  por    t- 

Benutrka. 

laid  on. 

square  inch  of  leotion. 

Elongation. 

Permanent 
set 

IbB. 

lbs.            tons. 

1 

10451 

.  •  ■  •            * 

•  •  • 

•  •  •  • 

• «  •  • 

Specimen  of  cast 

2 

12131 

steel,      termed 

3 

13811 

**  Diamond 

4 

15491 

•0000 

Steel." 

5 

17171 

•0005 

6 

18851 

•0005 

7 

20531 

•0005 

8 

22211 

•0005 

9 

23891 

•0005 

10 

25571 

•0011 

11 

27146 

•0118 

12 
13 

28796 
30341 

•0160 
•0177 

fFeldthiawBtfhtis 
minute,  ana  broie 

14 

31916 

liooss    4 

9-18 

•  •  •  • 

•0168 

[     2JinB.fromne«. 

Besults.-Kere  the  breaking  stxain  (P,)  per  square  mch  of  BMton  « 
110,055  lbs.,  or  49-13  tons;  and  the  corresponding  elongatoon  (?,)  P™^ 
length  is  -0177.  By  formnla  (13).— The  work  (u)  expended  in  producing 
rupture =974. 

Exp.  XL-Bar  of  Steel  from  Messrs.  Cammell  &  Cch,  Sheffield    ^KongonB 
taken  on  8  inches  length.    Mark  on  bar,  "2."    Diameter  of  ^pec^^ 
•61  inch.     Area  -2922  square  inch.    B^uced  diameter  after  tm 
tore  •eOS  inch.    Area  -2874  square  inch.  

Specimen  of  steel 
termed  "Tool 
SteeL'* 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


10451 
12151 
13811 
15491 
17171 
18851 
20531 
22211 
23891 
25571 
27131 
28706 
30281 
31871 


• .  * 


109072 


48-69 


•0025 
•0025 
•0025 
•0025 
•0025 
•0150 
•0150 
•0206 


•0150 


Broke  in  neck. 


Results.— Eere  the  breaking  strain  (P,)  per  square  inch  of  »^^,f 
109,072  lbs.,  or  48-69  tons ;  and  the  correspondmg  elongation  (g  P^^^ 
length  is  -0206.    By  formula  (13).— The  work  (u)  expended  m  V^"" 
rupturesll23. 
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£xp.  Xn.--Bar  of  Steel  from  Messrs.  Cammell  &  Co.,  Sheffield.  Elonga- 
tioDs  taken  on  8  inches  length.  Mark  on  bar,  "  3."  Diameter  of 
spedmen  *609  inch.  Area  *2912  square  inch.  Eeduced  diamet^ 
titer  fracture  *605  inch.    Area  *2874  sqnare  inch. 


,  Tin- 

Per  unit  of  length. 

i«0» 

Weight 
kid  on. 

Breakijig  strain  per 
square  inch  of  section. 

'  of 

Elongation. 

Permanent 
set. 

Bemarks. 

1 

lb>. 

lbs. 

tons. 

1 

10451 

t . .  • 

•0018 

•   •    •  « 

Specimen  of  cast 

2 

12131 

•0018 

steel,  termed 

3 

13811 

•   •   •   • 

•0018 

"  Chisel  Steel." 

4 

15494 

•0018 

» 
d 

17171 

•0018 

6 

18851 

•0025 

I 

20531 

•0025 

'  8 

22211 

•0037 

9 

23891 

•0050 

•V) 

25571 

•0143 

11 

27221 

•0162 

.12 

28796 

•0194 

13 

30371 

•  •   f   • 

•0217 

lU 

31916 

•   •   •   • 

•0243 

;i5 

33506 

«   •    •   « 

•0281 

'16 

35066 

120398 

53-75 

.... 

•0250 

Broke  in  neck. 

Results, — ^Here  the  hreaking  strain  (P,)  per  square  inch  of  section  is 
^j^8  lhs.y  or  53*75  tons ;  and  the  corre^nding  elongation  (l^)  per  unit  of 
^gth  is  •0281.  By  formula  (13). — ^The  work  («)  expended  in  producing 
"?torB«1691. 

^.  Xni. — ^Bar  of  Steel  from  Messrs.  OammeU  A  Oo.,  Sheffield.  Elonga- 
tions taken  on  8  inches  length.  Mark  on  bar,  "  4."  Diameter  of 
specimen  ^738  inch.  Area  ^4277  square  inch.  Beduced  diameter  after 
fracture  '729  inch.     Area  *4173  square  inch. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


25369 
28729 
30304 
31849 
33439 
35014 
36664 
38224 
39784 
41344 


1 .  *  * 

•0025 

.    •    •    . 

•0081 

•0100 

•0137 

•0150 

•0162 

•0187 

•0218 

•0250 

96665       4 

315 

.    a    •    • 

•0237 

Specimen  of  east 
steely  termed 
''Double  Shear* 
Steel." 


Broke  in  neck. 


5««Zt». — Here  the  breaking  strain  (P,)  per  square  inch  of  section  is 
p665  lbs.,  or  43'15  tons;  and  the  corresponding  elongation  (l^)  per  unit  of 
length  is  -0250.  By  formuk  (13).— The  work  (u)  expended  m  producing 
^pture=:1208. 

r2 
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Exp. 

XIY.— Bar  of  Steel  from  Messrs.  Gammell  &  Co.,  Sheffield.    Elonga 

tions  taken  on  8  inches  length.  Mark  on  bar,  '<  5."  Diameter  of  ^ 

cimen  '739  inch.    Area  *4289  square  inch.    Eeduced  diameter  a& 

fracture  '511  inch.    Area  '2042  square  inch. 

No. 

of 
Exp. 

Per  unit  of  length. 

Weight 

Breaking  strain  per 

HAtnarW 

laid  on. 

square  inch  of  section. 

Elongation. 

Permanent 

set 

XMnnVKN 

Ibfl. 

lbs. 

tons. 

1 

25369 

•    •    •    « 

•0206 

« • . « 

Bar  of  bard  Bd 

2 

27049 

•   •    ■   • 

•0268 

semer  steel 

3 

28729 

•   •    •   • 

•0337 

4 

30304 

•   •    ■    ■ 

•0543 

6 

31849 

■    •    •    • 

•0687 

6 

33439 

•    •    •    • 

•0700 

7 

35014 

•    >    •    • 

•0937 

8 

36664 

*    •    •    • 

•1437 

9 

38224       89121 

39-78 

•  •   «  ■ 

•2087 

Broke  near  ceBU 

BesuUs. — Here  the  breaking  strain  (Pj)  per  square  inch  of  sectiofi 
89,121  lbs.,  or  39'78  tons ;  and  the  corresponding  elongation  (1^)  per  uml 
length  is  -1437.  By  formula  (13).— The  work  («)  expended  in  prodttd 
rupture  a  6403. 


Exp.  XV. — Bar  of  Steel  from  Messrs.  Cammell  &  Co.,  Sheffield^    El< 
taken  on  8  inches  length.    Mark  on  bar,  '^  6.''  Diameter  of 
*611  inch.  Area  *2932  square  inch.  Eeduced  diameter  after 
•391  inch.    Area  '12  square  inch. 


1 

10451 

• .  •  • 

•    •     •    • 

2 

12131 

•  •   •  • 

3 

13811 

4 

16491 

•0000 

5 

17171 

•0056 

6 

18851 

•0331 

7 

20531 

•0743 

8 

22211 

•1200 

9 

23891 

> 

81483 

36-37 

•     a     •     ■ 

•2043 

Bar  of  soft  M 
semer  steeL 


Broke  near  centif 


Results. — ^Hero  the  breaking  strain  (P^)  per  square  inch  of  section 
81,483  lbs.,  or  36-37  tons ;  and  the  corresponding  elongation  (I)  per  unit  o 
length  is  -1200.     By  formula  (13).— The  work  (u)  expended  in  produciuj 
rupture  =  4888./ 


ON  THE  MECHANICAL  PROPERTIES  OF  STEEL. 
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Ex?.  XVI.— Bar  of  Steel  from  Messrs.  Naylor,  Vickers  &  Co.,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  "Axle  Steel." 
Diameter  of  specimen  '606  inch.  Area  -2884  square  inch.  Beduoed 
diameter  after  fractnre  '44  inch.    Area  *152  square  inch. 


No. 

Per  unit 

of  length. 

Weight 
laid  on. 

Breaking  stnin  per 
Bquare  inch  of  eection. 

of 
fiip. 

Elongation. 

Permanent 

set 

Bemarks. 

lbs. 

llM. 

tons. 

1  1   10451 

•   •    •   • 

•0031 

.... 

Specimen  of  cast 

2 

12131 

•  •   •  • 

•0031 

steel,    converted 

3 

13811 

1  •   •  • 

'0031 

in  the  crucible, 

4 

15491 

1 

1  t   •  • 

'0031 

from       bar-iron 

5 

17171 

>  «   •  • 

•0031 

with  the  addition 

6 

18861 

'0218 

of  manganese. 

7 

20531 

•0300 

.  8 

22211 

•0412 

9 

23891 

•0625 

10 

25571 

88665 

39-58 

• .  •  • 

•1625 

Broke  in  centre. 

Besidts, — Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
S8,665  lbs.,  or  39*58  tons ;  and  the  corresponding  elongation  (Z )  per  unit  of 
length  18  •0625.  By  formula  (13). — ^The  work  (w)  expended  in  producing 
raptare  s  2270. 


Eip.  XVII.— Bar  of  Steel  firom  Messrs.  Naylor,  Vickers  &  Co.,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  <*  V  T."  Diameter 
of  specimen  *744  inch.     Area  '4347  square  inch.    Eeduced  diameter 


after  fracture  '53  inch 


Area  *2206  square  inch. 


1 

18649 

2 

25369 

3 

27049 

4 

28729 

5 

30304 

6 

31849 

7 

33439 

8 

35014 

9 

36664 

10 

38224 

11 

39784 

•    •    •    • 


«   •    •   • 


91520 


40-85 


•0031 
•0068 
•0100 
•0150 
•0225 
•0287 
•0362 
•0475 


•0900 


Specimen  of  cast 
steel,  converted 
in  the  crucible, 
from  bar-iron 
with  the  addition 
of  manganese. 


Broke  2j  in.  from 
neck. 


Results, — ^Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
01,520  lbs.,  or  40*85  tons ;  and  the  corresponding  elongation  (Z  )  per  unit  of 
length  is  -0475,  By  formula  (13). — The  work  (w)  expended  in  producing 
rupture  =  2173. 
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Exp.  XYIII.— Bar  of  Steel  from  Measn.  Naylor^  Vickers  &  Co.,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  "Y  B."  Dia- 
meter of  specimen  *738  inch.  Area  *4277  square  inch.  Bcduced 
diameter  after  fracture  *734  indi.    Area  *42dl  square  inch. 


No. 

of 

Exp. 

Per  unit  of  length. 

Weight 
laid  on. 

Bnakmg  strain  per 
square  inoh  of  leotioii. 

Bemarka. 

Elongation. 

Penaaaent 

Bei*. 

lbs. 

lbs. 

tons. 

1 

25369 

■  •  #  ■ 

Specimen    of    cast 
steel,  oonrerted  in 

2 

27049 

•  •  •  • 

3 

28729 

the^  crucible^  from 

4 

30304 

har^iron  witii  the 

6 

31849 

addition  of  man- 

6 

33439 

ganese. 

7 

35014 

8 

36664 

9 

382Q4 

•0006 

10 

39784 

•0012 

11 

41344 

•0014 

12 

42904 

•0018 

13 

44464 

•0020 

14 

46054 

• 

O025 

15 

47764 

•0037 

• 

16 

49549 

•0050 

17 

51619 

•0069 

18 

53525 

•0093 

/'Held  this  weigbt 

19 

55414 

•0100 

15  seoonds,  and 

20 

57374 

134i45 

59-87 

•  •  •  « 

•0100 

1     then  broke. 

Results, — ^Here  the  breaking  strain  (P,)  per  square  inch  of  section  is  134,145  lbs.,  or 
59*87  tons;  and  the  corresponding  elongation  (/j)  per  unit  of  length  ia  •OlOO.  By 
formula  (13). — ^The  work  (u)  expended  in  producing  rupture  =  670. 


£xp*  XIX. — Bar  of  Steel  from  Messrs.  Naylor,  Tickers  &  Co.,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar, "  2*66  Cast  Steel." 
Diameter  of  specimen  *615  inch.  Area  *297  square  inch.  Bcduced 
diameter  after  fracture  *609  inch.    Area  '2912  square  inch. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


10451 
12131 
13811 
15491 
17171 
18851 
20531 
22211 
23891 
25571 
27221 
28796 
30371 
31960 
33506 
35066 


1180(56 


52-70 


•0000 
•0016 
•0016 
•0016 
•0016 
•0016 
•0016 
•0016 
•0093 
•0093 
•0131 
•0150 
•0175 
•0275 
•0287 


I 


•0175 


Specimen    of   ca<^t 
steel,  convert^  in 
the  crucible,  ft'om , 
bar-iron  with  Uie  i 
addition  of  man- 
ganese. 


Results. — Here  the  breaking  strain  (P,)  per  square  inch  of  section  is  118,066  Ibe.,  or 
52*70  tons;  and  the  oorrespondixiK  elongation  (/,)  per  unit  of  length  Is  '02d7-  Bj 
formula  (13). — The  work  («)  ezpendtod  in  producing  rupture  «  1694. 
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£ip.  XX. — ^Bar  of  Steel  from  Messrs.  Osbom  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar/' 01."  Diameter  of  specimen 
-745  inch.  Area  *4359  square  inch,  Beduced  diameter  after  fracture 
•739  inch.     Area  '4289  square  inch. 


\*o 

Per  unit  of  length. 

*^v. 

kid  on 

Breakiiiff 
■qiuureinoi 

Btsnunper 
I  of  flection. 

of 

Kip. 

Elongation. 

Pennanent 
set. 

lbs. 

IbB. 

tODB. 

1 

18649 

•  •  •  • 

.... 

• .  •  • 

Specimen  of  best 

2 

22009 

•0012 

cast  turning-tool 

3 

25369 

•0012 

steel. 

4 

27049 

•0012 

0 

28729 

•0012 

6 

30304 

•0018 

t* 
1 

31849 

•0025 

8 

35014 

•0060 

9 

36664 

•0160 

iO     38224 

•0160 

11     39784 

b    •     • 

•0118 

12  ,  41344 

•0156 

13 

43129 

98942 

44 

•17 

I  • . . 

•0093 

Broke  in  neck. 

BetuUs, — ^Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
%^  lbs.,  or  44^17  tons ;  and  the  corresponding  elongation  (l^)  per  unit 
cf  length  is  *0156.  Bj  formula  (13), — ^Ihe  work  (u)  expended  in  producing 
rapture  5=  771. 


£xp.  XXI. — ^Bor  of  Steel  from  Messrs.  Osbom  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar,  <'  0  2."  Diameter  of  specimen 
•731  inch.  Area  *4196  square  inch.  Beduced  diameter  after  fracture 
'721  inch.    Area  '4082  square  inch. 


t 

1 

25369 

•  •   •  •                    • 

•   •  • 

•0018 

a    •     *    . 

Specimen  of  best 

1  2 

28729 

•0031 

cast    steel     for 

3 

31849 

•0068 

cold-chipping 

1  4 

35014 

•0106 

chisels. 

5 

38224 

•0143 

6 

41344 

•0193 

7 

44464 

•0238 

8 

46054 

•0256 

9 

47764 

•0275 

|10 

49694 

•0318 

11 

61899 

123686      5i 

5-21 

* .  •  • 

•0318 

Broke  in  nock. 

^f»ult8, — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
^)686  lbs.,  or  55*21  tons ;  and  the  corresponding  elongation  (\)  per  unit 
of  length  is  -0318.  By  formula  (13). — ^The  work  (u)  expended  in  producing 
rapture  s  1966. 
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Exp.  XXII.— Bar  of  Steel  from  Messrs.  Osbom  &  Co.,  Sheffield.  Elosgiik 
taken  on  8  inches  length.  Mark  on  bar, "  0  3."  Diameter  of  speds 
'738  inch.  Area  *4277  sqnare  inch.  Beduoed  diamet^  after  fneti 
•728  inch.    Area  '4162  square  inch. 


No. 

of 

Exp. 

Per  unit  < 

of  length. 

Weight 

BreaJdng 

strain  per 

"SaaaAL 

laid  on. 

Bquare  inch  of  Bection. 

Elongation. 

Permanent 
Bet 

Ibfl. 

lbs. 

tons. 

1 

22009 

•  •  •  • 

•0018 

« •  * . 

Specimen  of  V 

2 

26369 

» •  •  • 

•0025 

cast  steel  fori 

3 

28729 

♦  •  •  • 

•0050 

and  cold  ak 

4 

31849 

•0081 

cups,        ii 

5 

33439 

•0093 

blades,      m 

6 

35014 

•0118 

boiler  -  vm 

7 

36664 

•0156 

steel. 

8 

39784 

•0193 

9 

42904 

•0225 

10 

44464 

•0237 

11 

46054 

•0268 

12 

47764 

•0298 

13 

49549 

115849 

51-71 

.... 

•0212 

Broke  in  neck 

Results, — Here  the  breaking  strain  (P^)  per  square  inch  of  8ecti<s 
115,849  lbs.,  or  51^71  tons ;  and  the  corresponding  elongation  Q^  per  ifflj 
length  is  •0298.  By  formula  (13).— The  work  (w)  expended  m  prod* 
rupture  =  1726. 


Exp.  XXni.— Bar  of  Steel  from  Messrs.  Osbom  &  Co.,  Sheffield.    Ba 
tions  taken  on  8  inches  length.     Mark  on  bar,  "  0  4."    Diamet* 
specimen  '73  inch.    Area  '4185  square  inch.    Eeduoed  diameter 
^cture  *725  inch.     Area  '4128  square  inch. 


Specimen  of  I 
cast  steel  for  ti 

and  dies. 


1 

25369 

•0037 

•  •    •  • 

2 

27049 

•0050 

3 

28729 

•0062 

4 

30304 

•0075 

5 

31849 

•0100 

6 

33439 

fl 

•0118 

7 

35014 

•0131 

8 

36664 

•0143 

9 

38224 

•0168 

10 

39784 

•0181 

11 

41344 

98790 

44-10 

•  •    •  ■ 

•0168 

Broke  in  n«^' 


Results. — Here  the  breaking  strain  (P,)  per  square  inch  of 
98,790  lbs.,  or  44-10  tons;  and  the  corresponding  elongation  (/)per^! 
length  is  -0181.  By  formula  (13).— The  work  (u)  expended  in  P^^ 
rupture  =  894. 
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Ijp.  XXIV. — Bar  of  Steel  from  Messrs.  Osborn  &  Co.,  Sheffield.  Elonga- 
tions taken  on  8  inches  length.  Mark  on  bar,  *'  0  5."  Diameter  of 
speciinen  «714  inch.  Area  *4312  square  inch.  Beduced  diameter 
after  firactore  *72  inch.    Area  '4071  square  inch. 


at  I 


4 


on. 


lbs. 
28729 
31849 
33439 
35014 
38224 
41344 
44464 


Per  unit  of  length. 

Brealdng  etrain  per 
sqiuure  inch  of  sectdon. 

Elongation. 

Permanent 
set 

IbB. 

tons. 

•0125 

•  •  • . 

•0168 

•0200 

•0231 

•0312 

•0431 

103116 

46-63 

. . .  • 

•0525 

Bemarks. 


Specimen  of  tough- 
ened cast  steel 
for  shafts,  piston- 
rods,  and  machi- 
nery purposes. 

Broke  in  neck. 


RauUg. — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
1^*3,116  lbs.,  or  46*03 tons ;  and  the  corresponding  elongation  (I) per  unit  of 
length  is  '0431.  By  formula  (13). — ^The  work  (m)  expended  in  producing 
mptnre  =  2222. 


^ip.  XXV.— Bar  of  Steel  from  Messrs.  Osborn  &  Co.,  Sheffield.  Elonga- 
tions taken  on  8  inches  length.  Mark  on  bar,  *'  0  6."  Diameter  of 
specimen  '744  inch.  Area  ^4347  square  inch.  Beduced  diameter 
after  fracture  ^734  inch.     Area  -4231  square  inch. 


1 

22009 

•  ■   •  * 

•0031 

.  • . . 

Specimen  of   best 

9 

25369 

•  •   •  1 

•0062 

double        shear 

3 

28729 

•  •   •  1 

•0125 

steel. 

4 

30304 

•  •   *  < 

t 

•0143 

5 

31849 

•  •   •  1 

1 

•0168 

6 

33439 

•  •   •  1 

p 

•0187 

j7 

35014 

■  •   •  I 

1 

•0206 

8 

36664 

•    «     a    1 

1 

•0243 

9      38224 

87931 

39-26 

.  *  • . 

•0243 

Broke  in  neck. 

Results, — ^Here  the  breaking  strain  (P,)  per  square  inch  of  section  is 
B7,931  lbs.,  or  39-25  tons ;  and  the  corresponding  elongation  (1^  per  unit  of 
length  is  ^0243.  By  formula  (13). — The  work  (w)  expended  in  producing 
mptore  =  1068. 
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E^.  XXVI. — Bar  of  Steel  from  Messrs.  Osbom  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar,  '^  0  7.''  Diameter  of  specimen 
•738inoh.  Area -4277  square  inch.  Beduoed  diameter  after  fracture 
•736  inch.  Area  *4254  square  inch. 


No. 

of 

Exp. 

1 
2 
3 

4 

Weight 
laid  on. 

TtwMiVinfP 

a4:i.ai«i    «\a«. 

Per  unit  of  length 

Bemarks. 

square  inm  of  section. 

Elongation. 

Permanent 

Bet 

lbs. 
28729 
31849 
35014 

36664 

Ibe. 
.... 

.  • .  • 
.... 

86724 

tons. 
...  * 
...  * 
• .  *  . 

38^26 

•0037 
•0037 
•0037 

.... 

.... 

•0043 

Specimen  of  extra 
best    cast  steel 
fortoming-took, 
cast  steel  wheel  j 
axles,  &c. 

Broke  in  neck. 

Besults, — Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
85,724  lbs.,  or  38^26  tons ;  and  the  corresponding  elongation  (L)  per  unit  of 
length  is  •0037.  Bj  formula  (13). — ^The  work  (u)  expended  in  producing 
rupture  » 168. 


Exp.  XXYII.— Bar  of  Steel  from  Messrs.  Osbom  &  Co.,  Sheffield.  Elongations 
taken  on  8  inches  length.  Mark  on  bar,  "  0  8."  Diameter  of  bar 
*738  inch.  Area  -4277  square  inch.  Beduced  diameter  after  fracture 
*696  inch.  Area  '2789  square  inch. 


1 

28729 

•  ■   *  • 

•0131 

. .  • . 

Specimen  of  cast. 

2 

31849 

•0162 

steel  for  boiler- 

3 

35014 

•0231 

plates. 

4 

38224 

•0312 

5 

41344 

•0466 

6 

44464 

•0625 

1 
1 

7 

46064 

•1062 

8 

47764 

111676 

49-85 

...  * 

•1350 

Broke  in  oentro. 

BesvUts.-^Kete  the  breaking  strain  (P^)  per  square  inch  of  section  is 
111,676  lbs.,  or  49*85  tons ;  and  the  corresponding  elongation  (\)  per  unit  of 
length  is  •1062.  By  formula  (13).^— The  work  (tc)  expended  in  producing 
rupture  es  5930. 


ON  THE  MECHANICAL  PBOPEETIEB  OF  8TEE1 


Eip.XXVm. — ^Bar  of  steel  j6H>m  Messre.  Bessemer  &  C(Al^  ^n- 

gatioBi  taken  oil  8  iiudiefl  length.  Mark  on  bar, "  »^"i  ^  TiUMu^Miit^^r\t*\ 


v\  '  '••  "^  ^ 


specimen  '728  inch.    Area  *4162  square  inch, 
after  ftsetore  *710  inoh.  Area  '406  square  inch. 


Xo. 

Per  unit  of  length. 

Wdghi 
laid  on. 

BrMJdog  strain  per 
Bquare  inch  of  seotion. 

. 

Bemarks. 

of 
Exp. 

Elongation. 

Psrmannt 

Qm. 

lbs. 

toni. 

1 

18649 

•  •  •  • 

•  •  •  • 

Bar  of  hard  Bes- 

2 

25360 

•0018 

semer  steeL 

3 

28729 

•0068 

4 

30304 

•0081 

5 

31849 

•0093 

6 

35014 

•0131 

< 

38224 

•0168 

a 

41344 

•0187 

9 

42904 

103085 

46-02 

•  •   t  • 

•0187 

Broke  in  twoplaces. 

jBe««2(». — Here  the  breaking  strain  (F^)  per  square  inch  of  section  is 
103,065  lb«.9  or  46*02  tons ;  and  the  corresponding  elongation  (2,)  per  unit  of 
length  18  •0187»  B7  formula  (13).*^The  work  («)  expended  in  producing 
rupture  =  963. 


£ip.  XXEL— Bar  of  Steel  from  Messrs.  Bessemer  <&  Co.,  Sheffield.  Elon- 
gations taken  on  8  inches  length.  Mark  on  bar»  '<  BS2."  Diameter  of 
specimen  '743  inch.  Area  *4336  square  indi.  Reduced  diameter 
after  fracture  ^531  inoh.    Area  '2214  square  inch. 


,  1 

18649 

•  •  •  • 

•  • . . 

•0012 

• .  •  • 

Specimen  of  milder 

2 

22009 

•  •   •  • 

•0017 

Bessemer  steel 

3 

25369 

1  •   •  • 

•0237 

than  No.  1. 

4     27049 

I  •   •  » 

•0300 

0 

28729 

1  •   •  • 

•0332 

6 

30304 

I  •   •  • 

•0362 

7 

31849 

1  •  t  ■ 

•0462 

8 

33439 

1  •  •  • 

•0600 

9 

35014 

»  •   •  • 

•0818 

10 

36664 

t    %     9     m 

•1093 

11 

38224 

88175 

39*36 

.  •  •  • 

•2000 

Broke  near  cenh«. 

Settdta. — ^Here  the  breaking  strain  (P^)  per  square  inch  of  Motion  is 
^^,175  lbs.,  or  39*36  tons ;  and  the  corresponding  elongation  (l^)  per  unit  of 
length  is  •1093.  By  formula  (13). — ^The  work  (u)  expended  m  producing 
rupture  =  4818. 
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£zp.  XXX. — Bar  of  Steel  from  Messrs.  Bessemer  &  Co.,  Sheffldd.  Elonga- 
tions  taken  on  8  inches  length.  Mark  on  bar,  '^  B  S  3.''  Diameter  of 
specimen  *736  inch.  Area  *4254  square  inch.  Beduoed  diameter 
after  fracture  *486  inch.    Area  *1885  square  inch. 


^r 

Per  nnit  of  length. 

l4o. 

of 

Exp. 

Weight 

Breaking  Btrain  per 

Bemarks. 

laid  OIL 

square  inch  of  section. 

Elongation. 

set. 

lbs. 

lbs. 

tons. 

1 

22009 

•  •  . « 

•0025 

. .  .  • 

Specimen  of  soft| 

2 

25369 

•0293 

Bessemer  steel 

3 

27049 

•0418 

4 

28729 

•0593 

5 

30304 

•0718 

6 

31849 

•0981 

1 

1 

7 

33439 

78606 

35-09 

...  1 

•1912 

Broke  in  centre. 

Results. — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
78,606  lbs.,  or  35*09  tons ;  and  the  corresponding  elongation  (Z^)  per  unit  of 
length  is  •0981.  By  fonniila  (13). — The  work  (u)  expended  in  producmg 
rupture  S3  3855, 


Exp.  XXXI. — Bar  of  Steel  from  Mr.  Sanderson,  Sharrow  Vale  Works. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  ^'S  1."  Dia- 
meter of  specimen  ^697  inch.  Area  '3815  square  inch.  Beduced 
diameter  after  fracture  '694  inch.    Area  ^3782  square  inch. 


1 

22009 

.... 

. .  • . 

•0050 

Specimen  of  bar  of 

2 

25369 

. « .  • 

. .  •  • 

•0087 

cast  steel,  from 

3 

28729 

.  • . . 

•  •  • » 

•0162 

£.  B.,  a  Bussian 

4 

30304 

a    .     «    . 

. . .  • 

•0187 

iron,suitablefor 
welding. 

5 

31849 

83484 

37-26 

•  •  • . 

•0225 

Broke  in  neck. 

Results, — Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
83,484  lbs.,  or  37'26  tons ;  and  the  corresponding  elongation  (l^  per  unit  of 
length  is  •0187,  By  formula  (13). — ^The  work  (m)  expended  m  producing 
ruptures*  780. 
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Exp.  XXXII. — Bar  of  Steel  firom  Mr.  Sanderson,  Sharrow  Vale  Works. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  "  S  2."  Diameter 
of  specimen  '737  inch.  Area  -4266  square  inch.  Bednoed  dia- 
meter after  fracture  *723  inch.    Area  *4105  square  inch. 


I  ^y       Wttlaht 

Per  unit  < 

of  l0ngth« 

Braokixig  strain  per 
iquare  inch  of  section. 

£ip. 

hddoDu 

Elongation. 

Permanent 
Bet. 

Kemarkfl. 

lbs. 

Ibe. 

tons. 

1 

22009 

•  •  ■  • 

•0018 

•  •  •  • 

Specimen  of  double 

2 

25369 

•0050 

shear  steel,  from 

3 

27049 

•0075 

^,  a   Swedish 

• 

4 

28729 

•0093 

5 

31849 

•0100 

iron. 

6 

33439 

•0131 

(^ 

36664 

•0875 

'  8 

39784 

•0231 

9 

41344 

•0256 

10 

42904 

•0293 

11 
12 

44464 
46054 

10 

7940 

4 

8-iJ 

I 

•0318 

.... 

•0331 

r  Boie  this  weight  15 
eeoonda,  and  then 
^     broke  in  neok. 

BouUm, — ^Here  the  breaking  strain  (PJ  per  square  inch  of  section  is 
107,940  lbs.,  or  48*18  tons ;  and  the  corresponding  elongation  (Z J  per  unit 
<»f  length  is  -0318.  By  formula  (13).— The  work  («*)  expended  in  produ- 
dng  niptureal716* 


£xp.  XXXiil.'^Bar  of  Steel  from  Ur.  Sanderson,  Sharrow  Vale  Works* 
Elongations  taken  on  8  inches  length.  Mark  on  bar, ''  S  3."  Diameter 
of  specimen  ^714  inch.  Area  -4003  square  inch.  Beduced  dia-^ 
meter  after  fracture  ^693  inch.    Area  '3771  square  inch. 


1 1 

22009 

•0037 

...  * 

Specimen  of  single 

2 

25369 

•0100 

shear  steel  from 

3 

28729 

•0156 

^,  a  Swedish 

• 

4 

31849 

•0212 

5 

35014 

•0225 

iron. 

6 

38224 

•0250 

7 

41344 

•0275 

8 

42904 

107182 

47-84 

.... 

•0281 

Broke  in  neck. 

UttviU. — ^Kere  the  breaking  strain  (P^)  per  square  inch  of  section  is  107,182 
or  47-84  tons ;  and  the  corresponding  elongation  (Z )  per  unit  of  length  is 
*0275.  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
=1473. 
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Exp.  XXXIV.— Bar  of  Steel  from  Mr.  Sanderson,  Sharrow  Vale  Works. 
Elongations  taken  on  8  inches  length.  Hark  on  bar,  '^  S  4."  Diameter 
of  specimen  *744  inch.  Area  '4374  square  inch.  Beduced  diameter 
after  fracture  -737  inch.    Area  *4266  square  inch. 


No. 

of 

Exp. 


1 
2 
8 
4 
5 
6 
7 


Weight 
laid  on. 


lbs. 
22009 
25369 
27049 
28729 
80304 
31849 
32689 


Breaking  itxain  per 
square  vaSh  of  leciion. 


lbs. 


76199 


tons 


33-57 


Per  unit  of  length. 


Elongation. 


•0031 
•0043 
•0081 
•0087 
•0126 
•0137 


Permanent 
set* 


« •  •  • 


•0125 


Bemarkfl. 


Bar  of  iaf^i  steel 
drawn  from  ^ 
bar  steel,  slmplj 
welded  to  make 
it  sound. 

Broke  in  neck* 


Bestdts. — ^Here  the  breaking  strain  (F,)  per  square  inch  of  section  is 
76,199  lbs.,  or  33'67  tons;  and  the  corresponding  elongation  (l^)  per  unit 
of  length  is  -0137.  By  formula  (13).— The  work  («)  expended  in  produdng 
rupture  sa  515. 


Exp.  XXXV.— Bar  of  Steel  from  Mr,  Sanderson,  Sharrow  Vale  Works. 
Elongations  taken  on  8  inches  length.  Hark  on  bar,  '*  S  5."  Piameter 
of  specimen  '738  inch.  Ayea  ^4277  square  inch.  Beduced  diameter 
after  fracture  '723  inch.     Area  -4105  square  inch. 


1 

25369 

.  •  • . 

•0037 

•  •  ■  • 

2 

27049 

f  f  •  • 

*      * 

•0050 

3 

28729 

f  •  1  • 

•0087 

4 

30304 

t  *  *  * 

•0156 

6 

31879 

•  • » • 

•0162 

6 

33439 

■  •  •  • 

•0187 

7 

36014 

I  •  ■  * 

•0212 

8 

36664 

1  •  •  # 

•0243 

9 

39784 

1  •  •  • 

•0262 

10 

41344 

•  •  •  • 

11 

42904 

B   •   •   • 

12 

44464 

103960 

46-41 

. .  > « 

•0343 

Specimen  of  drawB 
bar  from  ^  steel 
not  welded. 


Broke  in  neck. 


i2e«u2to.— Here  the  breaking  strain  (PJ  per  square  inch  of  sectioii  is 
103,960  lbs.,  or  46^41  tons ;  and  the  corresponding  elongation  (^,)  per  unit 
of  length  is  -0262.  By  formula  (13).— The  work  (u)  expended  in  producing 
rupture  =.1782, 
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Exp.  X  X  X  VI. — Bar  of  Steel  from  Messre.  Tnrton  &  Bona,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  ''A."  Diameter 
of  specimen  *725  inch.  Area  4128  square  inch.  Beduced  diameter 
after  fracture  *709  inch.    Area  '3948  square  inch. 


No. 

of 

£xp. 

Per  unit  of  length. 

Weight 
laid  cm. 

Breaking  strain  per 
square  inm  of  section. 

Bemarki. 

Blangation. 

Permanent 
set 

lbs. 

lbs. 

tons. 

1 

22009 

•0025 

■  4    •  . 

Specimen  of  steel 

2 
3 

25369 
28729 

•0043 
•0100 

emploved  in  the 
manu&otore    of 

4 

31849 

'0143 

cups. 

5 

35014 

'0187 

6 

38224 

•0250 

7 

39784 

•0312 

8 

41344 

100155 

44-71 

•  ♦ » • 

•0275 

Broke  in  neck. 

Results. — Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
100,155  lbs.,  or  44*71  tons ;  and  the  corresponding  elongation  (l^)  per  unit 
of  length  is  -0312.  By  formula  (13).-— The  work  («)  expended  in  producing 
rapture  =  1662. 


£xp.  XXXYII.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar,  '<  B."  Diameter 
of  specimen  *745  inch.  Area  *4359  square  inch.  Beduced  diameter 
after  fracture  *74  inch.     Area  *43  square  inch. 


1 

22009 

•  •   f  • 

•0018 

» f .  • 

Specimen  of  steel 

2 

25369 

•  •   •  • 

•0018 

used  in  the  manu- 

3 

28729 

•  •   •  • 

•0018 

facture  of  drills. 

4 

31849 

•  *   •  • 

•0031 

5 

35014 

•  •    •  • 

•0106 

6 

36604 

•  •   •  • 

•0106 

38164 

87552 

39-08 

.... 

•0106 

Broke  in  neck. 

Remits, — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
B7,552  lbs.,  or  39*08  tons ;  and  the  corresponding  elongation  Q^)  per  unit 
of  length  is  •OlOO.  By  formula  (13). — ^The  work  (w)  expended  in  producing 
rupture  ==  464. 
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£xp.  XXXVm.— Bar  of  Stoel  from  Messrs.  Torton  &  Sons,  Sheffield. 
Elongations  taken  on  8  inches  length.  Mark  on  bar, ''  C."  Diamctei 
of  specimen  '743  inch.  Area  -4335  square  inch.  Eeduced  diametci 
after  fracture  '74  inch.    Area  '43  square  inch. 


No 

Per  unit  of  length. 

of 

Weight 

Breaking  strain  per 

Hxkni  Bi>lra 

Sip. 

laid  on. 

square  indi  of  section. 

Elongation. 

Permanent 
set 

jvciimrMg. 

Ib0. 

Ibfi.             t 

ons. 

1 

22009 

•  * « •            • 

•0031 

• »  . . 

Specimen  of  steel 

2 

25369 

•0031 

used  in  the  ma- 1 

3 

28729 

•0031 

nufacture         of 

4 

30304 

•0031 

cutters* 

5 

31849 

•0037 

6 

33439 

•0106 

7 

35014 

•0137 

8 

36664 

•0150 

9 

38224 

•0162 

10 

39784 

•0181 

11 

41344 

95372        4 

2-57 

.... 

'0137 

Broke  in  neck. 

Results. — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
95^372  lbs.,  or  42*57  tons ;  and  the  corresponding  elongation  (Z  )  per  unit  of 
length  is  '0181.  By  formula  (13). — ^The  work  (u)  expended  in  producing 
rupture  =  863. 


Exp.  XXXIX.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Elon- 
gations taken  on  8  inches  length.  Mark  on  bar,  "  D."  Diamct<^r 
of  specimen  '719  inch.  Area  '4060  square  inch.  Reduced  diameter 
after  fracture  '717  inch.    Area  '4037  square  inch. 


1 
2 
3 


22009 
25369 
28729 

31849 


.... 


80273 


*  *  . « 


3502 


•0006 
'0018 

• .  *  * 


■0012 


Specimen  of  steel  | 
used  in  the  con-  , 
struction  o^  j 
turning-tools. 

Broke  in  neck.      / 


Restdts. — Here  the  breaking  strain  (Pj)  per  square  inch  of  section  m 
80,273  lbs.,  or  35'02  tons ;  and  the  corresponding  elongation  (?,)  per  unit  of 
length  is  '0018.  By  formula  (13).— The  work  (w)  expended  in  producing 
rupture  aa  72. 
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£iF.  XL.---Bar  of  Steel  from  Messrs.  Turton  dc  Sons,  Sheffield.  Elon- 
gations taken  on  8  inches  length.  Mark  on  bar,  "  E."  Diameter 
of  specimen  *743  inch.  Area -4335  sqnare  inch.  Reduced  diameter 
after  fracture  -737  inch.    Area  -4266  square  inch. 


5a 

Weight 
laid  on. 

TlrA*Vin(T 

mA  »■■  **^       Wtt.A«> 

Per  unit  of  length. 

Bemarks. 

Eip, 

aquaro  inch  of  section. 

Elongation. 

Permanent 
set. 

I 

lbs. 
22009 

lbs. 

tons. 

•0006 

•  .  ■  * 

Specimen  of  steel 

•> 

m 

25369 

•0018 

used  in  the  ma- 

3     28729 

•0031 

nufjEicturo  of  ma- 

4 31849 

5  35014 

•0062 
•0093 

chinery. 

'    36664 

•0106 

:    39784 

•0143 

*     42904 

•0181 

'i 

44614 

102915 

45^94 

•  •   •  • 

•0143 

Broke  in  neck. 

Be8uks, — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
i02,915  lbs.,  or  45*94  tons;  and  the  corresponding  elongation  (Zj)  per  unit 
^  length  is  •OlSl.  By  formula  (13). — ^The  work  (u)  expended  in  produ- 
^  rupture  =  929. 


fo.  XLI.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Elon- 
gations taken  on  8  inches  length.  Mark  on  bar,  "  F."  Diameter 
of  specimen  *743  inch.  Area  ^4335  square  inch.  Reduced  diameter 
after  fracture  '738  inch.     Area  ^4277  square  inch. 


I  •• 


1 '  22009 
^-  25369 
3  28729 
•^  31849 
'> ,  35014 
^'-  38224 
41344 
^  ,  44464 


•0025 

•  •   •   • 

•0050 

•0081 

•0100 

•0125 

•0181 

•0206 

102567 

45-: 

(9 

■  •   •  • 

•0162 

Specimen  of  steel 
used  in  the  ma- 
nufacture of 
punches. 


Broke  in  neck. 


^^««te. — ^Here  the  breaking  strain  (P^)  per  square  inch  of  section  is 
^'^^joey  lbs.,  or  45-79  tons ;  and  the  corresponding  elongation  (?,)  per  unit 
oHeagth  is  -0206.  By  formula  (13).— The  work  (it)  expended  in  producing 
rapture  «  1056. 

1.^67. 


s 
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Exp.  XLII.— Bar  of  Steel  from  Kessrs.  Tarton  &  Sons,  &lieffi«ld.  Eoiq 
tions  taken  on  8  inches  length.  Mark  on  bar,  '^  Q/'  Diametei 
specimen  *743  inch.  Area  '4335  square  inch.  Bcdaced  diaM 
after  fracture  *729  inch.    Area  '4173  square  inch. 


No. 

of 

Exp. 


1 
2 
3 
4 
5 

G 

^» 

8 
9 


Weight 
laid  on. 


IbB. 
22009 
25369 
28729 
31849 
35014 
38224 
41344 
42904 
46054 


Breaking  strain  per 
square  inch  of  section. 


Elongation. 


lbs. 


106237 


tons 


47 


42 


Per  unit  of  length. 


•0018 
•0018 
•0050 
•0081 
•0112 
•0150 
•0187 
■0243 


Permanent 
set. 


•0287 


Bemtfb. 


Specimen  of 
usedintki 
facture  i 
dies. 


Broke  in  neci 


Besults. — ^Here  the  breaking  strain  (PJ  per  square  inch  of  sectw 
106,237  lbs.,  or  47*42  tons;  and  the  corresponding  elonig^ation  (^Jpf 
of  length  is  -0243.    By  formula  (13).— The  trork  («)  expended  in 
rupture  =  1290. 


Exp.  XTiTTT.— Bar  of  Steel  from  Itessrs.  Turton  &  Sons,  Sheffield.  Bo 
tions  taken  on  8  inches  length.  Mark  on  bar,  ^^H."  Diameter  off 
men  "746  inch.  Area  -4370  square  inch.  Beduced  diameter  i 
fracture  -741  inch.     Area  -43  square  inch. 


L 


1 

2 
3 
4 
5 


25369 
28729 
31849 
35014 
38224 


*   •   •   V 


•   •   •   V 


87471 


•  •  •  • 


39-04 


•0025 
•0031 
•0093 
•0131 


•0087 


Specimen  of 
used  in  the 
nufactuTC  of 

Broke  in  nt  cL 


Results, — ^Here  the  breaking  strain  (PJ  per  square  inch  of  settifl* 
87,471  lbs.,  or  39*04  tons;  and  the  corresponding  elongation  Q^  p^r  ^ , 
length  is  -0131.  By  formula  (13).— The  work  («)  expended  in  pn^^^f'' 
rupture  =  572. 
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Exp.  XLTV.— Bar  of  Steel  from  Mesars.  Turton  &  Sons,  Sheffield.  Elonga- 
tions taken  on  8  inches  length.  Mark  on  bar,  "I."  Diameter  of  spe- 
cimen -733  inch.  Area  -4219  square  inch.  Reduced  diameter  after 
fracture  *725  inch.    Area  -4128  square  inch. 


Xa 

Weight 

Per  unit  of  length. 

'  of 

Breaking  strain  per 

Bemarics. 

Kxp. 

laid  on. 

square  inch  of  section. 

Elongation. 

Permanent 
set. 

lbs. 

lbs. 

tons. 

,1 

25369 

•0031 

■   •    •   • 

Specimen  of  double 

2 

28729 

-0056 

shear  steel. 

3 

31849 

-0087 

• 

4 

33439 

•0106 

•> 

0 

35014 

•0118 

6 

36664 

•0143 

t 

38224 

•0169 

8 

39784 

•0193 

9 

41344 

97994 

43-74 

.  •  *  • 

•0187 

Broke  in  neck. 

SesuUs, — ^Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
•^'«S94  lbs.,  or  43*74  tons ;  and  the  corresponding  elongation  (Z^)  per  unit  of 
iength  is  -0193.    By  formula  (13). — ^The  work  (m)  expended  in  producing 

rupture  =  946. 


Eip.  XLV.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.  Elonga- 
tions taken  on  8  inches  length.  Hark  on  bar,  "TJ,"  Diameter  of  spe- 
cimen -744  inch.  Area  '4347  square  inch.  Beduced  diameter  after 
fracture  '74  inch.     Area  ^43  square  inch. 


1 
2 
3 
4 


Resulta, — Here  the  breaking  strain  (Pj)  per  square  inch  of  section  is 
'3^6  lbs.,  or  32-70  tons;  and  the  corresponding  dongation  (Zj)  per  unit  of 
«^gth  is  -0087.  By  formula  (13).— The  work  (m)  expended  in  producing 
rupture  s  318. 


22009 

.  ■  • . 

• .  . . 

•0037 

.  •  •  • 

Specimen  of  double 

25369 

.... 

. .  •  • 

•0050 

Shear  steel. 

28729 

■ . .  • 

*     a      .     . 

•0087 

31849 

73266 

32-70 

.  *  t  • 

•0081 

Broke  in  neck. 

s2 
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It  will  be  observed  jfrom  the  above  Summary  of  Eesults,  that  in  tiic  re- 
duction of  the  experiments  to  the  value  of  u,  or  work  done  in  producing 
rupture,  some  of  the  specimens  are  as  low  as  72  when  the  metal  is  hard  and 
brittle,  and  as  high  as  6403  (in  Exp.  14)  where  the  specimen  is  of  ductilo 
Bessemer  steel.  It  required  the  utmost  precision  to  determine  with  perfect 
accuracy  the  elongations  of  the  harder  specimens  at  the  point  of  rupture ;  and 
although  the  elongations[were  magnified  and  carefully  taken,  they  are  never- 
theless not  to  be  relied  upon  where  the  value  of  u  is  under  300.  It  would 
have  been  more  correct  to  have  taken  the  elongations  from  bars  three  or  four 
times  the  length ;  but  this  could  not  be  accomplished  from  the  same  bars,  as 
in  most  cases  it  was  next  to  impossible  to  have  them  reduced  to  the  required 
dimensions  without  heating  the  bars  and  drawing  them  out  imder  the  hammer. 
This  process  would  have  rendered  them  useless  for  comparison,  which  is  not 
the  case  in  the  present  experiments,  where  the  rupture  by  tension  is  identical 
with  that  by  compression,  as  they  were  cut  from  the  same  bars  after  baring 
been  submitted  to  a  transverse  strain.  From  this  it  will  be  seen  that  each 
bar  has  uiidergone  without  change  the  three  separate  tests  of  tensile,  com- 
pressivej  and  transverse  strain. 


ON  THE  MECHAHICAL  PBOPBKTIBS  OF  STEEL. 

THIRD  SEBJES  OF  EXPERIMENTS. 


1st.  I.— Bv  of  Stod  &om  Hewn,  John  Brown  &  Co.,  ^effiald.    VaA  on 
bar,"  pi.'' 
B«bn  eipariment. 

height  of  speoimeii 1-004  inch. 

Diameter  of  apecimeii  ......     *72  inch. 

Area  of  Bpedmen -40715  aq.  in.    . 


Aftw  expariment. 
.     -755  inch. 

•774  inch. 
.     -47015  sq.  in. 


Weight  lud 


Weight  lud 
n  per  square  inch 

«f  10011011. 


37438 
!  44966 
j  52166 

5b950 
I  66022 
;  73134 
1  80214 
I  88134 
I  81840 


16-731 
20-074 


i)i!)51 
110440 
12S124 
1447Wi 
16:il5G 
170772 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 


-020 
-026 
■043 


<ulu. — Hera  the  strain  per  square  inch  (P,)  causing  rupture  is  225,568 
ir  100-7  tons ;  and  the  corresponding  compression  (IJ  por  unit  of  length 
3.    By  fonnnla  (13). — The  work  (u)  expended  in  producing  rupture 


hi.  n.— Bar  of  Sted  from  Uesors.  John  Brown  ft  Co.,  Bheffleld.    Hark  on 


Hei^t  of  specimen . . . 
IKameter  of  specimen  . 
Area  of  specimen 


■72  inch. 
•40715  sq.  in. 


After  eiperimeDt. 
,     -724  inch. 
.      -785  inch. 
.      -48398  sq.  in. 


1 

37438 

lC-731 

91951 

41^049 

-020 

4496G 

20-074 

110440 

49-303 

■025 

:f 

52166 

23-288 

128124 

57-198 

-043 

+ 

58950 

26-316 

1447«fi 

64-637 

-ofin 

b 

6602-^ 

29-474 

1621. -,6 

72-31)1 

-OS^ 

H 

73134 

32-649 

179772 

80-233 

•147 

■1 

80214 

35-809 

197023 

87-952 

■1!)6 

« 

88134 

39-345 

216465 

96-636 

-265 

u 

91840 

41-000 

225568 

100-700 

■263 

Rfttlu. — Hero  the  strain  per  square  inch  (P|)  causing  rupture  is  225,6 . 
'b5.,nr  100-7  tons;  and  the  corresponding  compression, ((,)  per  unit  of  length 
i^'-Kt.    By  formula  (13).— The  work  (ti)  expendwi'in  producing  mptore 
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ExF.  III. — Bar  of  Steel  from  Messrs.  John  Brown  h  Co.    Mark  on 

bar,  "B3." 

Before  experiment.  After  experiment. 

Height  of  specimen 1*002  inch.  ....  •832  inch. 

Diameter  of  specimen "72  inch.  ....  '748  inch. 

Area  of  specimen -40716  sq.  in '43943  sq.  in. 


No. 

of 

Exp. 


] 
2 
3 

4 
5 

6 
7 
8 
9 


Weight  laid 

on 

specimen. 


lbs. 

37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


tons. 

16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


Weight  laid 

on  per  square  inch 

of  section. 


lbs. 

91951 
110440 
128124 
144786 
162516 
179722 
197023 
216465 
225568 


tons. 
41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


Compres*- 
sion,  in 
inches. 


•010 
•015 
•023 
•029 
•038 
•067 
•096 
•155 
183 


Remarks. 


One    very    «•"&• 
crack  of  outside 
skin. 


Results. — Here  the  strain  per  square  inch  (Pj)  causing  rapture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  elongation  (\)  per  unit  of  length 
is  '183.  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
=  20591. 


Exp.  IY. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.    Mark  on 

bar,  «  B  4." 

Before  experiment,  After  experiment 

Height  of  specimen 1*01  inch.  ....  '739  inch. 

Diameter  of  specimen '72  inch.  ....  ^781  inch. 

Area  of  specimen ^40715  sq.  in "47783  sq.  in. 


1 

2 
3 

4 
5 

6 

7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
97-636 
100-700 


•030 
•035 
•053 
•079 
-108 
•157 
•206 
•255 

■293 


No  cracks. 


Results, — Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (T^)  per  unit  of  length 
is  -293.  By  formula  (13). — The  work  (u)  expended  in  producing  rupture 
=32968. 


OK  THE  MECHANICAL  PKOPXETIES  OF  STEEL. 


Eip.  T. — Bar  of  Steel  from  Meesrs,  John  Brown  &  Co.    ]l£ark  on  bar,  "  B  5." 
Before  oiperiinent.  Alter  eiperiment. 

Height  of  Bpecimeu -99  inch.  -743  inch. 

Diameter  of  specimen -72  inch.  ....     -776  inch. 

Area  of  specimen -40715  sq.  in •47299  eq.  in. 


WsightLud 


73134 

80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
102156 
179722 
197023 
216465 
225568 


No  cracks. 


Sautit. — Here  the  strain  per  square  inch  (P,)  cansing  rupture  la 
^,568  lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (l^)  per  unit  of 
Ingth  is  -243.  By  formula  (13). — ^The  work  (u)  expended  in  producing 
niptDre=  27342. 


Eip.  VI. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.  Mark  on  bar, "  B  6." 
Before  eiperiment.  After  eiperiment. 

Sraght  of  specimen    -987  inch -592  inch. 

Dimeter  of  specimen    -72  inch.  ....     -84  inch. 

Area  of  Bpecimeu   -40715  sq.  in -55417  sq.  in. 


37438 
44966 
62166 
58950 

66022 
73134 
80214 
88134 
91840 

16-713 

20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39  345 
41-000 

91951 

110440 
128124 
144786 
162 I 56 
179722 
197023 
216465 
225568 

41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 

■050 
■075 
-123 
■179 
■238 
-297 
-340 
-385 
■403 

2 
3 

-i 

G 

8 
9 

( 

1 

No  crack 

Ravlts. — Here  the  strain  per  square  inch  (P,)  causing  ruptnre  is 
^1,588  lbs., or  100-7  tons;  and  the  corresponding  compression  (l^  per  unit 
of  length  is  -403.     By  formula  (13). — The  work  (u)  expended  in  producing 

nipture=45345. 
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Exp.  VII. — Bar  of  Steel  from  Messrs.  John  Brown  &  Co.  Mark]on  bar,  '*  B  7.' 

Alter  experiment. 
. . .     '559  inch. 
. . .     -886  inch. 


Before  experiment 

Height  of  specimen '101  inch. 

Diameter  of  spedmen '72  inch. 


Area  of  specimen 

•40715  sq 

.in. 

No. 

Weight  laid 

Weight  laid 

Com- 

of 

on 

on  per  square  inch 

pression, 

Exp. 

ipecmien. 

of  section. 

in  inches. 

Ib0. 

tons. 

lbs. 

tons. 

1 

37438 

16-713 

91951 

41-049 

•030 

2 

44966 

20-074 

110440 

49-303 

•065 

3 

62166 

33-288 

128124 

57-198 

•103 

4 

68950 

26-316 

144786 

64-637 

•109 

5 

66022 

29-474 

162156 

72-391 

•238 

6 

73134 

32-649 

179722 

80-233 

-297 

7 

80214 

35-809 

197023 

87-952 

-366 

8 

88134 

39-345 

216465 

96-636 

-425 

9 

91840 

41-000 

225568 

100-700 

•443 

•61653  sq.  in. 


BemarkB. 


Three  large  cracks, 
with      several 
smaller  ones. 


BesuUa, — ^Here  the  strain  per  square  inch  (PJ  causing  rupture  is 
226,568  lbs.,  or  100*7  tons ;  and  the  corresponding  compression  (Z^)  per  unit  of 
length  is  •443.  By  formula  (13). — ^The  work  (u)  expended  in  producing 
rupture=49846. 


ExF.  YIII.— Bar  of  8teel  from  Messrs.  John  Brown  &  Go.  Mark  on  bar,  •<  B  S." 


Before  experiment. 

Height  of  specimen -989  inch. 

Diameter  of  specimen "72  inch. 

Area  of  specimen "40715  sq.  in. 


After  experiment. 

•497  inch. 
•886  inch. 
•61663  sq.  in. 


1 

37438 

16-713 

91951 

2 

44966 

20-074 

110440 

3 

52166 

23-288 

128124 

4 

68950 

26-316 

144786 

6 

66022 

29-474 

162156 

6 

73134 

32-649 

179722 

7 

80214 

36-809 

197023 

8 

88134 

39-345 

216465 

9 

91840 

41-000 

225568 

41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


-040 
-085 
•143 
-219 
•298 
•347 
-426 
•475 
•493 


Much  cracked. 


• 

Results, — Here  the  strain  per  square  inch  (P,)  causing  rupture  is 
225,568  lbs.,  or  100-7  tons  ;  aud  the  corresponding  compression  (l^)  per  unitot 
length  is  -493.  By  formula  (13).— The  work  (u)  expended  in  producing 
rupture  =  55472. 


OK  THE  HBCBANICAL  FBOPBKTtEB  Ot  BTEEL.  351 

EiF.  IX.— Bar  of  Steel  from  Messrs.  JTohn  Brovn  &  Co.,  Sheffield.    Mark 
onbar,  "B9." 
Before  n, 

Heigbt  of  speoimon -983  inch. 

Diameter  of  Bpecimen '72  inch. 

iieA  of  speobnen -40715  eq.  in. 


After  expenmenL 
■430  inch. 
■98  inoh. 
■75429  aq.  in. 


Waigbtl>id 


1    37438 
3 ; 44966 

3  52166 

4  58950 
6    66022 

73134 


7  80214 

8  188134 

9  1 91840 


35-809 
39-345 
41-000 


91951 
110440 
128124 

144786 
102156 
179722 


197023 

21B465 
225568 


41049 
49-303 

67-198 
64-637 
72-391 

80-233 


Commenced  to  crack. 


Three  large  cracks. 
Uuch  orackod. 


SauUt — Here  the  strain  per  square  inch  (PJ  causing  rupture  is  225,668 
1^1  or  100-7  tons  ;  and  the  corresponding  oompressioQ  {IJ  per  unit  of  length 
is  'k2.    By  formula  (13). — The  work  (ti)  expended  in  producing  rapture 


~u.  X. — Bar  of  Steel  from  Messrs.  Cammell  &  Co.,  Sheffield.    Marie  on 
bar,  "1." 
Bafora  eiperimsnt,  Aitcr  exptrimeat 

Height  of  specimen -971  inch.  ....     -749  inch. 

Diameter  of  specimen -73  inch.  ....     -772  inoh. 

Area  of  specimen -40715  sq.  in -46808  sq.  in. 


1  37438 

16-713 

91951 

41-049 

-010 

1 , 

44966 
52166 

20-074 
23-288 

110440 
128124 

49-303 
S7-168 

-015 
-023 

! 

qlH^ 

S»!)SO 

26-316 

144788 

64-637 

-029 

M 

^^^^ 

mm 

20-474 

162156 

72-391 

-058 

M 

i^H 

litlM 

32-649 

179722 

80-233 

-087 

V 

i^B 

»H14 

36-809 

197023 

87-962 

-146 

H 

I^P 

BH134 

30-345 

216465 

96-636 

-206 

1 

.  Jl^ 

91840 

41-000 

225568 

100-700 

-233 

Nociadu. 

Rmdtt. — Here  the  strain  per  square  inch  (P,)  causing  rupture  is  225,568 
"*■.  or  100-7  tons;  and  the  corresponding  compression  (i,)  per  unit  of  length 
■'■233.    By  formnla  (13). — The  work  (ii)  capended  iu  producing  rupture 
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Exp.  XI. — ^Bar  of  Steel  firom  Messrs.  Gaminell  &  Co.,  Sheffield.    Hark  on 

bar,  *'  2." 

Before  experiment.  After  experiment 

Height  of  specimen 1*005  inch.  *749  inch. . 

Diameter  of  specimen *72  inch.  ....  -772  inch. 

Area  of  specimen '40715  sq.  in *46808  sq.  in. 


No. 

of 

Exp. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Weight  laid 

on 
specimen. 


lbs. 
37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


tons. 

16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


Weight  laid 

on  per  square  inch 

of  section. 


lbs. 
91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


tons. 

41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


Compres- 
sion, in 
inches. 


•020 
•025 
•033 
•049 
•068 
•117 
•176 
•235 
-263 


Bemarks. 


No  cracks. 


Eesults. — Here  the  strain  per  square  inch  (P,)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (l^)  per  unit  of  length 
is  -263.  By  formula  (13). — The  work  (u)  expended  in  producing  rupture 
=  29592. 


Exp.  XIL— Bar  of  Steel  from  Messrs.  Cammell  &  Co.,  Sheffield,    Mark  on 

bar,  "  3.'- 

Before  experiment  After  experiment. 

Height  of  specimen 1-00  inch.  ....     -705  inch. 

Diameter  of  specimen -72  inch.  ....     -79  inch. 

Area  of  specimen '40715  sq.  in -49016  sq.  in. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


-020 
-035 
-053 
•089 
•138 
•187 
•236 
•285 
-313 


No  cracks. 


Eesults, — Here  the  strain  per  square  inch  (P,)  causing  rupture  is  ^^'t^ 
lbs.,  or  100-7  tons;  and  the  corresponding  compression  (Z^)  per  unit  of  long^ 
is  -313.     By  formula  (13).— The  work  (u)  expended  in  producing  rupture 
«  35218. 


ON  THE  UBCHANICAL  FftOPEBTIES  OP  STEEL. 


£ip.  Xm.— Bar  of  Steel  torn  Uwstb.  Cammell  &  Co.,  Sheffield.    Mark 
on  bar,  "  4." 


liter  Mperiment 

Height  of  specimen  . . 

1-001  inch.        . 

. .     -704  inch. 

Diameter  of  apedmen 

-72  inch. 

. .     -80  inch. 

Areaofspeci 

-40715  Bq.  in.    . 

..     -50266  Bq.  in. 

So. 

Weight  bid 

Weighted 

Com- 

oa 

on  per  Bquare  inoh 

prasuon, 

IbL 

ton« 

I 

37438 

16-713 

91951 

41-049 

■030 

r  " "1 

2 

44966 

20074 

110440 

49  303 

•045 

i             i 

3 

52166 

23-288 

128124 

57-198 

-053 

_ '      1 

4 

58950 

26-316 

144786 

64-637 

-079 

m 

1 

1^^^ 

a 

66022 

29-474 

162156 

72-391 

■128 

1 

^^^B 

K 

73134 

32-649 

179722 

80-233 

■177 

H 

^^^1 

( 

80214 

36-809 

197023 

87-952 

-236 

w 

I^^K 

b 

88134 

39-345 

216465 

96-636 

-285 

li 

k^m  \ 

9 

91840 

41-000 

225568 

100-700 

■303 

Very  slight  crauks.  1 

Setidft. — Here  the  strain  per  aqnare  inch  (PJ  causing  rupture  ia  225,568 
u)L,  or  100-7  tons ;  and  the  corresponding  compression  (/,)  per  unit  of  length 
B-303,    By  formula  (13). — The  work  (m)  expended  in  producing  rupture 


Kd.  XIT.— Bar  of  Steel  from  Uassrs.  Cammell  &  Co.,  Sheffield.    Hark 
on  bar, "  5." 

B«farff  experiment.  After  eiperimeDt. 

Height  of  specimen -996  inch -579  inch. 

Kameter  of  specimen -72  inch,  ....      -865  inch. 

Area  of  specimen    '407158q,in ■587658q.in. 


37438 

16-713 

91961 

41-049 

-060 

^                         1 

2 

44966 

20074 

110440 

49-303 

-095 

i                      1      1 

52166 

23-288 

128124 

57-198 

■143 

■                      i      1 

4 

58950 

26-316 

144786 

64-637 

-199 

M 

mH^HBIK 

a 

66022 

29-474 

162156 

72-391 

-268 

m 

lil^^^K 

t! 

73134 

32-649 

179722 

80^233 

■317 

m 

'i^^^H 

80214 

35-809 

197023 

87-952 

■406 

m 

'I^K 

1   8 

88134 

39-345 

216465 

96-636 

-415 

m 

II^^V 

U 

91840 

41-000 

225568 

100-700 

-433 

No  cracks.             1 

Rtadu. — Here  the  strain  per  square  inch  (PJ  caumng  rupture  is  225,568 
I'm-,  or  100-7  tons ;  and  the  corresponding  compression  (/,)  per  unit  of  length 
« -433.  By  formula  (13).— The  work  (u)  expended  in  producing  rupture 
*48721. 
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RBPOBT — 1867. 


Exp.  XY.— Bar  of  Steel  from  Messrs.  Cammell  &  Co.,  Sheffield.    Mark 

on  bar,  "  6.'' 

Before  experiment.  After  experiment 

Height  of  specimen -997  inch -514  inch. 

Diameter  of  specimen '72  ineh.  ....     -SGI  inch. 

Area  of  specimen     '40715  sq.  in *63334  sq.  in. 


No. 

of 

Exp. 


1 
2 
3 
4 
6 
6 

r 

8 
9 


Weight  laid 

on 

specimen. 


lbs. 
37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


tons. 
16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
36-809 
3&-345 
41-000 


Wei^t  laid 

on  per  iquare  ineh 

of  section. 


lbs. 

91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


tons. 
41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


Com- 
pression, 
m  inches. 


•080 
-135 
•203 
•269 
•328 
•387 
•426 
•465 
•493 


Bemarks. 


No  cracks. 


Results. — Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  2"^^^^ 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (ZJ  per  unit  of  length 
b  •493,  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
==:55472. 


Exp.  XVI.*-BBr  of  Steel  from  Messrs.  Najrlor,  Vickers  &  Co.    Mark 

on  bar,  "  V.  A.'' 

Before  experiment.  After  experiment. 

Height  of  st)ecimen '983  inch -569  inch. 

Diameter  of  specimen -72  inch.  ....     -865  inch. 

Area  of  specimen     -40715  sq.  in -58765  sq.  in. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


10-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


•050 
•075 
•123 
•179 
•248 
•307 
•356 
•395 
•423 


No  cracks. 


ResulU. — ^Here  the  strain  per  square  inch  (P,)  causing  rupture  is  225,60? 
lbs.,  or  100^7  tons :  and  the  corresponding  compression  (J^  per  unit  of  leng*^ 
is  -423.  By  formula  (13).— The  work  (u)  expended  in  producing  rupture 
«47596 


ON  THE  MECHANICAI.  PKOFERTIES  OP  STZEI..  2dC 

Eip.  XVn.— Bar  of  Steel  from  Ueaen.  Naylor,  Tickere  A  Co^  KieffleW. 
Mark  on  bar  "V.T." 

Before  aiperimeat  After  eipMnment. 

Seight  of  specimen -992111011. 

Dismeter  of  spedmen '72  Inch. 

Area  of  Bpedmen     -40715  sq.  in. 


•840  inch. 
•56417  eq.  in. 


51  T-*""-- 

Weight  bid 
on  per  uuiure  indi 

Com- 
prarion, 

BemATkB. 

1          .u-             1          ._     - 

lbs. 

tOtlB. 

37438 

16-713 

91951 

41-049 

■050 

1  a 

44966 

20-074 

110440 

49-303 

-075 

52166 

23-288 

128124 

67-198 

•113 

-n^^^U 

58950 

26-316 

144786 

64-837 

-169 

m\ 

imi^^^ft 

66022 

29-474 

162156 

72-391 

■228 

H 

IIH^^H 

73134 

32-649 

179722 

80-2ai 

-257 

■ 

\ 

80214 

36-809 

197023 

87-952 

■326 

Vi 

li^^^v 

H 

88134 

39-345 

216465 

96-636 

-365 

a 

91840 

41-000 

225568 

100^700 

-388 

No  cracks. 

Rex^ti. — Here  the  strain  per  square  inch  (P,)caasing  rupture  is 225,568 lbs., 
or  100-7  tona;  and  the  corresponding  compreesion  ^l^)  per  unit  of  length 
is  388.    By  f^nnula  (13). — The  work  (u)  expended  in  producing  rupture 


E».  XVm.— Bar  of  8 


Height  of  ^Mcimen -989  inch, 

Diameter  of  epecimen -72  inc 

Area  of  spedmen     -40715 


jel  from  Ueame.  Naylor.  Tickers  ft  Co.,  Sheffield. 
Markonbar"V.8." 


Aiter  experiment. 

-847  inch. 

■742  inch. 

.     •43241  sq.  in. 


37438 

16^713 

91951 

41-049 

■010 

1 

■i 

44966 

20^074 

110440 

49-303 

■015 

■' 

52166 

23-288 

128124 

57-198 

■023 

■ 

'        ^^^1 

58950 

26-316 

144786 

64-637 

■029 

1 

^^^1 

.1 

66022 

29-474 

162156 

72391 

-038 

H 

^^^H 

(i 

73134 

32-649 

179722 

80^233 

■047 

H 

^^M 

80214 

35-809 

197023 
216465 

87952 

-076 

H 

^U 

.    8 

88134 

39-345 

96^638 

-1«5 

f 

mM 

'J 

91840 

41-000 

225568 

100^700 

-153 

No  cmckfl.                  1 

SuuJts. — Here  the  strain  per  square  inch  (Pj)cau8iiig  rupture  is  225,568  lbs., 
n  100-7  tons ;  and  the  oorrespondin^  compreesion  (I,)  per  nnit  of  length 
19-153.  By  formula  (13). — The  work  (u)  expended  in  produdng  rupture 
=  17255.    ■* 


i56  BEPOET— 1867. 

Exp.  XIX.— Bar  of  Steel  from  Messre.  Naylor,  Vickere  &  Co.,  Sheffield. 
Mark  on  bar,  "  V.2." 

Before  eiperimeDt.  Alter  experiment. 

Height  of  specunen 998  inch.  -818  inch. 

Diameter  of  specimen 72  inch.  ....      76  inch. 

Area  of  sp^cimem     -40715  eq.  in.  ....     -45364  sq.  in. 


No. 

Weight  laid 

Weight  laid 

Com- 

on  perequara  ineh 

■prenaoa 

top. 

q>ecimen. 

orsactioQ 

tnmche^ 

1 

lbs. 
37438 

Ions, 
16-713 

lbs. 
91951 

tons. 
41-049 

-010 

i 

2 

44966 

20074 

110440 

49-303 

■015 

te^\     1^  1 

:i 

52166 

23-288 

128124 

57198 

■023 

1'''         ■  ' 

4 

58950 

26-316 

144786 

64-637 

■029 

■     H 1 

ft 

66022 

29-474 

162156 

72-391 

■038 

■1     1 H 

IS 

73134 

32-649 

179722 

80-233 

■057 

I     H 

7 

8 

80214 
88134 

35-809 
39-345 

197023 
216465 

87-952 
96-636 

■006 

lUIB 

a 

91840 

41-000 

225568 

100-700 

-183 

No  cracks.              1 

Sesults. — Here  tho  strain  per  square  inch  (PJoausing  rupture  is  225,5GSIbs., 
or  100-7  tons;  and  the  correaponding  oompreaeion  (/  )  per  unit  of  len^tti 
ia  183.  By  formula  (13). — The  work  (u)  expended  in  producing  rupture 
=  20591. 


Exp.  XX.— Bar  of  Steel  from  Samuel  Osbom,  Esq.,  Sheffield.     Mark  on 
bar  "  0 1." 

Before  experiment.  After  experiment 

Height  of  Bpedmen -999  inch.  ....      -796  inch. 

Diameter  of  specimen -72  inch,  ....      -764  inch. 

Area  of  specimeii    -40715  sq.  in.  -45843  sq.  in, 


1 

37438 

16-713 

91951 

41-049 

3 

52166 

23-2S8 

12S124 

57-198 

■OIB 

■ 

1W 

4 

68950 

26-316 

144786 

64637 

■039 

1 

H 

5 

66022 

29-474 

1621.56 

72^391 

■058 

I 

H 

6 

73134 

32-649 

179722 

80233 

-077 

li 

M 

7 

80214 

35-809 

197023 

87-952 

-126 

1 

1 V  i 

H 

88134 

39-345 

216465 

96-636 

-185 

■■' 

91840 

41-000 

225668 

100-700 

■203 

No  cracks.               ' 

H^tuils. — ^Hore  the  atrwn  per  square  inch  (P,)  causing  rupture  ia  225,66?Ib'-. 
or  100-7  tons ;  and  the  corresponding  compression  (/  )  per  unit  of  length 
is  -203.  By  formula  (13).— The  work  (i»)  expended  in  producing  rapt"" 
—  22841. 


ON  THE  HBCHANICiOi  PKOPZETIBB  OP  HTEKL. 


t.  XXI.— Bar  o 


1  from  Bamuel  OsborD,  Esq.,   Sheffield.     Mark  on 
bar,  "  0  2." 


Before  eiperitnent. 

Hoght  of  specimen -991  inch. 

Diameter  of  specimen -72  inch. 

Area  of  apecimen -40715  sq.  in.     . 


Afler  ezperimait 
■766  inch. 
■70  inch. 
•45364  sq.  in. 


So. !        Weight  Uid 

Weight  lud 

Compw,. 

Ex?,            .pecimen. 

incfaea. 

1      lb.. 
1     37438 

toDt. 
16-713 

Iba. 
91951 

tone. 

41-049 

-030 

2]  44966 

20074 

23-288 

110440 
128124 

49-303 

57-198 

■035 

-043 

f                     1 

3:  5216S 

M 

III^ 

i'  58950 

26-316 

144788 

64-637 

-069 

■ 

B 

3     66022 

29474 

162156 

72-391 

-088 

1 

H 

el  73134 

32649 

179722 

80-233 

-127 

■ 

H 

71  80214 

35-809 

197023 

87-952 

■176 

■ 

IV 

39-345 

41-000 

216465 

225568 

96-636 

100-700 

-225 
•243 

■J 

1^ 

9|  91840 

No  cracks.            1 

B/talti. — Here  the  Btrainper8quaTeinch(P,)causing  rupture  is  225,668  lbs., 
^  100-7 tons;  and  the  corresponding  compression  (/,)  per  unit  of  length 
ii  '24^.    By  formula  (13). — The  work  (u)  expended  in  producing  rapture 

=27342. 


,£ip.  XXII. — Bar  of  Steel  firom  Samuel  Osbom,  Esq., 
Ur,  "  0  3." 


Before  experiraenL 

•748  inch. 

Diimeter  of  specimen -72  inch. 

■768  inch. 

.^reaofapec 

40715  sq. 

in 

-40324  sq.  in. 

1  37438 

2  44900 

16-713 

20-074 

91951 

110440 

41049 
49-303 

■030 
■035 

:)     52166 

23-288 

128124 

57-198 

-043 

M\ — 

li^B 

4     58950 

26-316 

144786 

04-637 

■059 

■ 

\^^ 

5     66022 

29-474 

102150 

72-391 

■078 

m 

\1^M 

S     73134 

32-649 

179722 

80-233 

•117 

W 

'^H 

7     80214 

35-809 

197023 

87-952 

■100 

f 

lK 

S     88134 

39-345 

216161 

96-6.36 

-225 

S     91840 

41-000 

225568 

100-700 

■253 

No  cracks.             | 

Bwulb. — HcrethestraJn  per  square  inch  {P,)cauBing  rapture  is  2£5,5681bfi., 
"t  lliO^  tons ;  and  the  corresponding  compression  (?,)  per  unit  of  length 
"  2-i3.     By  formula  (13).— The  work  (w)  expended  in  producing  rupture 

=2S467. 
1B67.  ■> 
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REPORT — 1867. 


Exp.  XXIII.— Bar  of  Steel  from  Samuel  Osbom,  Esq.,  Sheffield.    Mark  on 

bar,  "  0  4." 

Before  experiment.  After  experiment. 

Height  of  specimen -993  inch.  -743  inch. 

Diameter  of  specimen -72  inch.  ....     "768  inch. 

Area  of  specimen '40715  sq.  in '46324  sq.  in. 


No. 

of 

Exp. 


1 
2 
3 

4 
5 
6 

7 
8 
9 


Weight  laid 

on 
specimen. 


lbs. 
37438 
44966 
62166 
68950 
66022 
73134 
80214 
88134 
91840 


tons. 

16-713 
20074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


Weight  laid 

on  per  square  inch 

of  section. 


lbs. 

91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


tons. 
41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


Compres- 
sion, in 
inches. 


-020 
•035 
•043 
•059 
•078 
'117 
•186 
•235 
•263 


Bemarks. 


No  cracks 


BesuUs, — ^Here  the  strain  per  sqnare  inch  (P^)  causing  rupture  is  225,568 lbs., 
or  100-7  tons ;  and  the  corresponding  compression  (Z^)  per  unit  of  length 
is  '263.  By  formula  (13). — ^lie  work  (u)  expended  in  producing  rupture 
s29592. 


Exp.  XXIY.— Bar  of  Steel  from  Samuel  Osbom,  Esq.,  Sheffield.    Mark  on 

bar, "  0  5." 

Before  experiment  After  experiment 

Height  of  specimen 1-01  inch.  ....     -697  inch. 

Diameter  of  specimen -72  inch.  ....     -79  inch. 

Area  of  specimen '40715  sq.  in -49016  sq.  in* 


1 
2 
3 
4 
5 
6 

I 

8 
9 


37438 
44966 
52166 
68950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


'030 
-045 
•083 
•109 
-158 
•197 
•266 
•295 
•323 


No  cracks. 


Results, — ^Here  the  strain  per  square  inch  (Pj)cauBing  rupture  ifl225,6681b8., 
or  100-7  tons ;  and  the  corresponding  compression  (l^  per  unit  of  length 
is  -323.  By  formula  (13).— The  work  (u)  expended  in  producing  rup*^ 
=36344 


ON  THK  HZCHANICAL  PROPlaTIES  OF  STEBL.  21 

Exp.  XXV. — 'Bar  of  Steel  from  Samnel  Osbom,  Esq.,  Sheffield.     Mark  o: 
bar,  "  0  6," 

Before  enerimeDL  After  experiment. 

Hngfat  of  Bpecimen '982  inch  . .  , .      -669  isch. 

Diameter  of  specimen   *72  inch.  ....      '80  inch. 

Area  of  specunon -40715  eq.  in -50265  aq.  in. 


1  Xo.  1       Wdght  laid 
1  of  1                on 
Exp.j          apecimen. 

Weight  l«d 

on  per  square  inch 

of  section. 

Com- 
pression 
inina. 

1  1 

1^ 

4 
5 
6 

8 
9 

1 

lbs. 
37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 

tons. 
16-713 
20074 
23-288 
26-316 
29-474 
32-640 
35-809 
39-345 
41-000 

Iba. 
91951 

110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 

tons. 
41-049 
49'303 
57198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 

'030 
•046 
■073 
■099 
•148 
■207 
-266 
-305 
■323 

\ 

Noeracka. 

BaHU$. — ^Here  the  strain  per  aqnare  inch  (P,)  caudng  ruptore  is  225,668  lbs., 
or  100-7  l«a8 ;  and  the  coneeponding  oompreasion  (I,)  per  nnit  of  length 
is  -323.  By  fonnnia  (13). — ^Kie  work  (u)  expended  in  prodncing  rapture 
B36344. 


Esp.  XXVI. — Bar  of  Steel  from  Samuel  Oaborn,  Esq.,  Sheffield.    Uark  on 
bar,  "0  7." 
Before  experiment.  After  experiment 

Height  of  apecimen 1-011  inch -826  inch. 

Diameter  of  specimen   -72  inch.  ....     -748  inch. 

Area  of  specimen -40715  sq.  in '43943  sq.  in. 


1 

37438 

16-713 

91951 

41-049 

■010 

r - 1 

V 

44966 

20-074 

110440 

49-303 

-015 

ki n^H 

3 

52166 

23-288 

128124 

57198 

■im 

1        H 

4 

58950 

26-316 

144786 

64-637 

■(129 

1         H 

5 

66022 

29-474 

162156 

72-391 

-I13H 

Il         H 

fi 

73134 

32-649 

179722 

80-233 

■(177 

1     H 

7 

80214 

36-809 

197023 

87-952 

•1(16 

1      ■ 

9 

88134 
91840 

39-345 
41-000 

216465 
225568 

96-636 
100-700 

•165 
•193 

■   .WWKI 

No  crack.. 

Rttultg. — Here  the  strain  per  square  inch  (P,)  causing  ruptnre  is 
226,568  lbs.,  or  100-7  tone ;  and  the  corresponding  compreedon  (\)  per  unit 
of  length  is  -193.  By  formula  (18). — The  work  («)  expended  in  producing 
raptuiea  21716. 

t2 
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Exp.  XXVn.— Bar  of  Steel  from  Samnel  Osbom,  Esq.,  Sheffield.    Hark  on 

bar,  "  0  8." 

Before  experiment.  After  experiment. 

Height  of  specimon -984  inch.  ....     -652  iuch. 

Diameter  of  specimen '72  inch.  ....     -812  inch. 

Area  of  specimen    -40715  sq.  in '51784  sq.  in. 


No. 

of 

Exp. 


Weight  laid 

on 

specimen. 


1 
2 
3 
4 
5 
6 

7 
8 
9 


lbs. 
37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


ton§. 

16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


Weight  laid 

on  per  square  inch 

of  section. 


lbs. 
91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


tons. 
41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


Com- 
pression, 
in  ins. 


■030 
•035 
•063 
•099 
•158 
•217 
•266 
•315 
•333 


Bemarks. 


No  cracks. 


BesvUts. — ^Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  compession  (T,)  per  unit  of  length 
is  '333.  By  formula  (13). — The  work  (w)  expended  in  producing  rupture 
=  37469. 


Exp.  XXYIII.— Bar  of  Steel  from  Messrs.  Bessemer  and  Co.,  Sheffield.  Hark 

on  bar,  "  B  S  1." 


Before  experiment 

Height  of  specimen -993  inch. 

Diameter  of  specimen -72  inch. 

Area  of  specimen    -40715  sq.  in. 


.... 


Ailer  experiment 
•773  inch. 
•764  inch. 
•45843  sq.  in. 


1 

37438 

16-713 

91951 

41-049 

•030 

- 

1         1 

9 

44966 

20-074 
23-288 

110440 
128124 

49-303 
57-198 

•035 
•043 

i            i 

3 

52166 

m 

^B 

4 

58950 

26-316 

144786 

64-637 

•049 

■ 

^^1 

5 

66022 

29-474 

162156 

72-391 

•068 

1 

^^1 

6 

73134 

32-649 

179722 

80-233 

•097 

■ 

1^1 

7 
8 

80214 
88134 

35-809 
39-345 

197023 
216465 

87-952 
96-636 

•146 
•195 

1 

I^V  ! 

9 

91840 

41-000 

225568 

100-700 

•223 

No  cracks. 

• 

Besults, — ^Here  the  strain  per  square  inch  (P^)  causing  rupture  w 
225,568  lbs.,  or  100*7  tons  ;  and  the  corresponding  compression  (/,)  per  unit 
of  length  is  -223.  By  formula  (13).— The  work  (u)  expended  in  producing 
rupture  =25092. 


ON  THE  MECHANICAL  PR0PEBTIE8  OF  STEEL. 
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Eip.  XXIX, — Bar  of  Steel  from  Messrs.  Bessemer  &  Co.,  Sheffield.     Mark 

on  bar,  "  B  8  2." 


Before  experiment. 

Height  of  specimen 1-01  mch. 

Diameter  of  specimen  ....     '72  inch. 
Area  of  specimen "40715  sq.  in. 


After  experiment. 
•572  inch. 
•858  inch. 
•57549  sq.  in. 


of 
Exp. 


Weight  laid 

on 

specimen. 


1 
2 
3 
4 
5 
6 
/ 
8 
9 


Ibe. 
37438 
44966 
52166 
56950 
66022 
73134 
80214 
88134 
91840 


Weight  laid 

on  per  square  inch 

of  section. 


tons. 
16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


lbs. 

91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


tons. 

41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


Compres- 
sion, in 
mohes. 


•060 
•095 
•143 
•219 
•278 
•337 
•386 
•425 
•443 


Bemarks. 


No  cracks. 


Biiults. — Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  225,568 
,  or  100-7  tons ;  and  the  corresponding  compression  (l^)  per  unit  of  length 

is '443.    By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 

=  49846. 


£ip.  XXX. — Bar  of  Steel  from  Messrs.  Bessemer  &  Co.,  Sheffield.    Mark 

on  bar,  "  B  S  3." 


Before  experiment. 

Height  of  specimen 1^002  inch. 

Diameter  of  specimen  ....     ^72    inch. 
Area  of  specimen ^40715  sq.  in. 


•   •    •   ■ 


•   •    •   • 


After  experiment 
-532  inch. 
•894  inch. 
•62771  sq.  in. 


1 
2 
3 
4 

0 

6 

•* 

8 
9 


37438 
44966 
52166 
56950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57^198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


•080 
•125 
•183 
•249 
•318 
•367 
•416 
•445 
•473 


im 


No  cracks. 


Benilta, — Here  the  strain  per  square  inch  (PJ  causing  rupture  is  225,568 
jbs.,  or  100-7  tons ;  and  the  corresponding  compression  (l^)  per  unit  of  length 
is  '473.  By  formula  (13). — ^The  work  (tt)  expended  in  producing  rupture 
=  63222. 
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Exp.  XXXI.— Bar  of  Steel  from  Means.  Sanderson  &  Co.,  Sheffield.    Mark 

on  bar,  "  8. 1.'' 

Before  en>eriinent  After  experiment. 

Height  of  roecimen '98  inch.  ....  '576  inch. 

Diameter  of  specimen  ....     ^72  inch.  ....  '850  inch.  ^ 

Area  of  specimen '40715  sq.  in -56745  sq.  in. 


No. 

Weight  laid 

Weight  laid 

Compres- 

of 

on 

on  per  square  inch 

sion,  m 

Exp. 

specimen. 

of  section. 

inches. 

Ibe. 

tons. 

lbs. 

tons. 

■ 

1 

37488 

16-713 

91951 

41-049 

-030 

2 

44966 

20-074 

110440 

49-303 

•045 

3 

52166 

23-288 

128124 

57-198 

•073 

4 

58950 

26-316 

144786 

64-637 

•139 

5 

66022 

29-474 

162156 

72-391 

•198 

6 

73134 

32-649 

179722 

80-233 

•257 

7 

80214 

35-809 

197023 

87-952 

•316 

8 

88134 

39-345 

216465 

96-636 

•375 

9 

91840 

41-000 

225568 

100-700 

•398 

Two  large  cracks 
and  a  small  one. 


Eesults. — Here  the  strain  per  square  inch  (Pj)  cansing  niptore  is  225,568 
lbs.,  or  100*7  tons ;  and  the  corresponding  compression  (Q  per  nnit  of  length 
is  -398.  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
«  44783. 


Exp.  XXXII. — ^Bar  of  Steel  from  Messrs.  Sanderson  &  Co.,  Sheffield.    Mark 

on  bar,  "  S.  2.'* 


Before  experiment. 

Height  of  specimen -992  inch. 

Diameter  of  specimen  ....     -72  inch. 
Area  of  specimen '40715  sq.  in. 


*  • . . 


After  experiment 
•698  inch. 
•786  inch. 
•48398  sq.  in. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
36-809 
39-346 
41-000 


91961 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


•030 
•035 
•053 
•079 
•118 
•177 
•236 
•275 
-303 


Very  slight  crack 


Bemdts, — Here  the  strain  per  square  inch  (P^)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (I)  per  unit  of  length 
18  -303.     By  formula  (13).— The  work  («)  expended  in  producing  rupture 


I  HBCHANICAI.  FBOPEBTIE8  OF  STEBI.. 


Est.  XXXin. — Bar  of  Steel  from  Uessn.  Sanderson  &,  Co.,  Sheffield.     M&rk 


nbw,  "Sa" 

Before 

Height  of  spedmen -99  i: 

Duuneter  of  specimen -72  inch. 

Area  of  specimen -40715  sq. 


After  experiment. 
■710  inch. 
■768  inch. 
■46324  sq.  in. 


'>!» 

Weight  laid 

Weight  Uid 

Coinpre»- 

1   of 

Benurki. 

jtlp. 

uidiei. 

■ 

tiM. 

toniL 

Iba. 

tone. 

37438 
44»66 

16-713 

20'074 

91951 
110440 

41049 

49'303 

■020 
■025 

i     2 

r  ■ "  1 

;j 

52166 

23-288 

128124 

57-198 

■033 

r — t^A 

4 

58950 

26-316 

144786 

64-637 

■049 

friBB 

a 

66022 

29-474 

162156 

72-391 

■078 

1    ti^H 

« 

73134 

32-S49 

179722 

80-233 

-147 

f    m^K 

7 

80214 

35-809 

197023 

87-952 

■206 

1     ^^^^B 

H 

88134 
91840 

39-345 

41-000 

216465 
225568 

96-636 

100-700 

■255 
■283 

liJiHB 

1  " 

Vo  cracbs. 

Bemlu. — Here  the  strain  per  square  inch  (F,)  cansing  rupture  ia  225,563 
tils.,  or  100*7  tone ;  and  the  corresponding  compreBsion  (I,)  per  unit  of  length 
ia  -233.  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
=31843. 


Exp.  XXXIV.— Bar  of  Steel  from  Messrs.  Sanderson  k  Co.,  Sheffield.    Mark 
on  bar,  "  8  4." 

Before  eiperiment.  After  experiment. 

Height  of  spedmen -977  inch.  ....  -658  inch. 

Diameter  of  specimen  -72  inch.  ....  *794inch. 

Area  of  specimen -40715  sq.  in -49514  eq.  in. 


44966 
52166 
58950 
66022 
73134 
60214 
88134 
91S40 


28-316 
29474 
32649 
35-809 
39-345 
41-000 


91951 

110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303  I 

57-198 
64-637 
72-391 
80-233 


■030 
■036 

-053 
■079 


Serenl  slight  cracka. 


lUtultt. — Here  the  strain  per  square  inch  (P,)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  oompresaion  (?,)  per  unit  of  length 
is  -328.  By  formula  (13). — The  work  (w)  expended  in  producing  rupture 
=36344. 
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Exp.  XXXV. — Bar  of  Steel  from  Meesre,  Sanderson  &  Co.,  Sheffield.    Mark 

on  bar,  "  S  5." 

Before  eiperimeiit.  After  experiment. 

Height  of  specimen 1-01  inch.  ....  '678  inch. 

Diameter  of  specimen '72  inch.  ....  '790  inch. 

Area  of  specimen '40715  sq.  in -49016  sq.  in. 


No. 

Weight  laid 

Weight  laid 

Compres- 

Bemarkp. 

of 

on 

on  per  square  inch 

sion,  m 

Exp. 
1 

specinien. 

of  section. 

inches. 

Ibe. 

37438 

tons. 

16-713 

Ibe. 
91951 

tons. 
41-049 

-030 

i 

II 

I^^A 

2 

44966 

20-074 

110440 

49-303 

•045 

H 

t 

M 

^^^B 

3 

52166 

23-288 

128124 

57-198 

•063 

B 

i^^ 

^^^H 

4 

58950 

26-316 

144786 

64-637 

-079 

^\ 

f^^l ' 

5 
6 

66022 
73134 

29-474 
32-649 

162156 
179722 

72-391 
80-2;» 

•138 
•187 

^ 

111 

ed      to 

Commenc 

7 

80214 

35-809 

197023 

87-952 

•246 

crack. 

8 

88134 

39-345 

216465 

96-636 

•305 

9 

91840 

41-000 

225568 

100-700 

•333 

Cracks  widened 

1 
• 

EestJts. — ^Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (ZJ  per  unit  of  length 
is  -333.  By  formula  (13). — The  work  (u)  expended  in  producing  rupture 
=37469. 


Exp.  XXXVI.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.    Mark 

on  bar,  "  A." 


Before  experiment. 

Height  of  specimen -988  inch. 

Diameter  of  specimen   -72  inch. 

Area  of  specimen '40715  inch. 


•   •    •   • 


After  experiment 
•71  inch. 
•781  inch. 
•47783  sq.  in. 


— ) 


1 
2 
3 
4 
5 
6 

7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100^700 


-020 
•035 
•043 
•069 
•108 
•157 
•206 
'265 
•283 


No  cracks. 


Results, — Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  22b jb^^ 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (ZJ  per  unit  of  length 
is  •283.  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
=31843. 


ON  THE  MECHANICAL  rROPKBTIES  Ot  BTEEL.  » 

Exp.  XXXTII.— Bar  of  Steel  from  Messrs.  Turton  £  Sons,  Sheffield. 
Hark  on  bar,  "  B." 

Before  experiment. 

Height  of  spccimea -!>86  inch. 

Diameter  of  specimen '72  inch. 

Area  of  specimen    '40715  sq.  in. 


After  eiperiment. 

.      ■ti04  inch. 
.      -748  inch. 


^50. 

Weight  laid 

Weighted 

Com. 

on  per  nquare  moh 

JUp. 

of  «ectioii. 

1 

37438 

1 6-713 

lbs. 
91»51 

tons. 
41-049 

■020 

44966 
52166 

20'074 
23'288 

110440 
128124 

49-303 
57-198 

-025 
■033 

3 

fnmgk 

!    4 

58050 

26-316 

144786 

64-637 

■039 

i   '"^^ 

1    ^ 

66022 

29474 

162156 

72-391 

■048 

1 1   ^'^  Hi 

fi 

73134 

32-040 

179722 

80-233 

■077 

liiiii  d^H 

1     7 

80214 

35-800 

197023 

87-052 

■116 

w  \^B 

« 

88134 

30-345 

216465 

06-636 

•175 

MLAWm 

1     ^ 

91840 

41'000 

225568 

100-700 

■193 

No  cmcks. 

Retvll*. — Here  the  stnun  per  Bqnare  inch  (PJcauaing  rupture  is  225,568  lbs., 
n-  100'7  tons;  and  iho  corresponding  compression  (/  )  per  unit  of  length 
ia  '193.  By  formula  (13).— The  woik  (w)  expended  m  producing  ruptitro 
=21716. 


Exp.  XXXVni.— Bar  of  Steel  from  Messre.  Turton  &  Sons,  Sheffield. 
Mark  on  bar,  "  C." 

Before  experiment  After  element 

Height  of  speciiaen -96  inch.  ....     "710  inch. 

Diameter  of  specimen ....      -72  inch.  . ,  ■ .     '781  inch. 

Area  of  specimen    '40715  sq.  in '47783  eq.  in. 


37438 

16-713 

91951 

41-049 

■030 

1   a 

44966 

20-074 

110440 

49-303 

■036 

{ 

3 

52166 

23-288 

128124 

57-198 

-043 

_(,- TTTi-n^^ 

4 

58950 

26-316 

144786 

64-637 

■049 

1  ['I^^K 

5 

66022 

29-474 

162156 

72-391 

-078 

I^^H 

« 

73134 

32-649 

179722 

80-233 

■127 

It^HI 

7 

80214 

35-809 

197023 

87-952 

■166 

l^^^l 

8 

88134 

39-345 

216465 

96-636 

■225 

1  " 

91840 

41-000 

225568 

100-700 

■243 

No  cracks.                  | 

BemJu. — Here  the  strain  per  square  inch  (P,)  causit^  rupture  is  225,568  lbs., 
or  100-7  tons;  and  the  corresponding  compression  {l^)  per  unit  of  length 
is  -243.  By  formula  (13). — ^The  work  (it)  expended  in  producing  rupture 
=27342. 
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Exp.  XXXIX.— Bar  of  Steel  fixim  Ifeasn.  Torton  <b  Bona,  Sheffield.    Mark 

on  bar,  "  D.'' 

Before  experiment  After  experiment. 

Height  of  specimen '982  inch.  ....     '751  inch. 

Diameter  of  specimen *72  inch.  ....     *774  inch. 

Area  of  specimen    *40715  sq.  in *47051  sq.  in. 


No. 

of 

Exp. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Weight  laid 

on 
specimen. 

Weight  laid 

on  per  square  inch 

of  section. 

Com- 
pression, 
m  inches. 

Bemarks. 

lbs. 

37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 

tons. 

16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 

lbs. 
91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 

tons. 
41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 

•030 
•035 
•043 
•059 
•078 
•117 
•186 
•235 
•263 

t 

• 
• 

1 

■I 

No  cracks. 

Results, — ^Here  the  strain  per  square  inch(P  J  causing  rupture  is  225,568  IbA., 
or  100' 7  tons ;  and  the  corresponding  compression  (Z  )  per  unit  of  length 
is  '263.  By  formula  (13). — The  work  («)  expended  in  producing  rupture 
s=29592. 


£xp.  XL. — Bar  of  Steel  from  Messrs.  Turton  &  Sons^  Sheffield.    Mark  on 

har,  "  E." 

Before  experiment.  After  experiment. 

Height  of  specimen 1*00  inch.  ....     ^77  inch. 

Diameter  of  specimen "72  inch.  ....     '76  inch. 

Area  of  specimen    ^40715  sq.  in '45364  sq.  in* 


1 
2 
3 
4 
5 
6 
7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32^649 
35^809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


-020 
•025 
•033 
•049 
•068 
-107 
•156 
•205 
•233 


No  cracks. 


Results, — ^Here  the  strain  per  square  inch  (Pj)  causing  rupture  is  225,568  lb8.» 
or  100-7  tons ;  and  the  corresponding  compression  (H  per  unit  of  length 
is  -233.  By  formula  (13).— The  work  (u)  expended  in  producing  rupture 
=26217. 
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Bzp.  XLL— Bar  of  Steel  from  Uessra.  TnrtxHi  ft  Sons,  Sheffleld.    Hftrk  on 


Diameter  of  epeciiiien  . . . 
Area  of  specimen     

....        -72  inch. 
....       -40715  sq.  in. 

...     -785  inch. 
...     -48398  sq.  in. 

Sn 

Wmghtl«id 

Weight  Uid 

Com- 

nf 

on 

on  per  iqiMn  inoh 

tipt 

speciiiien. 

fDindiei. 

Ibiu 

ton.. 

It.. 

tonn.' 

H 

44966 

20-074 

110440 

49-303 

■025 

i 

3 

52166 

23-288 

128124 

57-198 

■033 

^ 

4 

58950 

26316 

144786 

64-637 

■049 

i    W^^ 

5 

66022 

29474 

162156 

72-391 

■078 

1;    ''^H 

« 

73134 

32-649 

179722 

80-233 

■127 

ff     1^1 

7 

80214 

36-809 

197023 

87-952 

■176 

1      'B 

8»134 

91840 

39-345 

41-000 

218465' 
225568 

96-630 
100-700 

■225 
■253 

1                      r^M 

9 

No  crocka. 

Baalu. — Hew  the  atrain  per  square  inch(P,)  causing  rupture  is  225,568  lbs., 
«  100-7  tons ;  and  the  corresponding  comprcBsion  (I)  per  unit  of  length 
it  -253.  By  formula  (13). — The  work  (w)  expended  m  producing  rupture 
=26467. 


Eip.  XLn.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.    Matt  o 


bar,"G." 


Before  M, 

Height  of  specimen ^998  inch. 

Diameter  of  specimen ^72  inch. 

Area  of  specimen     -40715  sq.  in. 


After  s^eriment, 
.     -71  inch. 
.      -79  inch. 
.     -49016  sq.  in. 


16-713 

91051 

41-049 

-030 

r 

1      37438 

""■      ~      ! 

44966 

20-074 

110440 

49303 

■(K« 

3 

62166 

23-288 

128124 

57^1 98 

■(J.53 

' i  \ 

68950 

26-3ie 

144786 

64637 

■079 

Ml 

l^^^^B 

S 

66022 

29-474 

162156 

72^391 

■118 

B 

^^^B 

1    ft 

73134 

32^649 

179722 

80  ■ass 

-107 

|i 

'i^H 

80214 

35-800 

197023 

87952 

-216 

li 

fi 

88134 

39-345 

216465 

96^636 

-265 

1! 

'i'^^Kf 

9 

91840 

41-000 

225568 

100-700 

■293 

No  cracks.                 1 

lUtuUt. — Here  the  strain  per  square  inch  (P,)  causing  rupture  is  225,568  lbs., 
"t  10O-7  tons ;  and  the  corresponding  compression  (l^)  per  unit  of  lengtli 
is  -293.     By  formula  (13). — The  work  («)  expended  in  producing  mpture 
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Exp.  XUII. — Bar  of  Steel  from  Messrs.  Turton  <&  Sons,  Sheffield.     Mark  on 

bar,  "  H/' 

Before  experiment.  After  experiment. 

Height  of  specimen *993  inch.  ....  *731  inch. 

Diameter  of  specimen *72  inch.  ....  '776  inch. 

Area  of  specimen    •40715  sq.  in -47294  sq.  in. 


No. 

of 

Exp. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Weight  laid 

on 

specimen. 


lbs. 

37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


tons. 

16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


Weight  laid 

on  per  square  inch 

of  section. 


lbs. 

91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


tons. 
41049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
90^636 
100-700 


Com- 
pression 
ininchesL 


Bemarks. 


•020 
•025 
•043 
•059 
•088 
•137 
•196 
•245 
•273 


No  cracks. 


Besults. — Here  the  strain  per  square  inch  (P^)  causing  rupture  is  225,568 
lbs.,  or  100-7  tons;  and  the  corresponding  compression  {\)  per  unit  of  length 
is  -273.  By  formula  (13). — ^The  work  (u)  expended  in  producing  rupture 
=30718. 


Exp.  XLIY.— Bar  of  Steel  from  Messrs.  Turton  &  Sons,  Sheffield.     Mark  on 

bar,  « 1." 

Before  experiment.  After  experiment. 

Height  of  specimen -988  inch ^722  inch. 

Diameter  of  specimen ^72    inch.  ....  '781  inch. 

Area  of  specimen    -40715  sq.  in -47783  sq.  in. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


37438 
44966 
52166 
58950 
66022 
73134 
80214 
88134 
91840 


16-713 
20-074 
23-288 
26-316 
29-474 
32-649 
35-809 
39-345 
41-000 


91951 
110440 
128124 
144786 
162156 
179722 
197023 
216465 
225568 


41-049 
49-303 
57-198 
64-637 
72-391 
80-233 
87-952 
96-636 
100-700 


•020 
•025 
•043 
•059 
•108 
•157 
-206 
•255 
•273 


Very  slighUy  cracked 


Besulfs. — Here  the  strain  per  square  inch  (P,)  causing  rupture  is  225,56S 
lbs.,  or  100-7  tons ;  and  the  corresponding  compression  (l^)  per  unit  of  length  ib 
•273.  By  formula  (13).— The  work  (u)  expended  in  producing  rupture 
=30718. 
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In.  XLT.— Bar  of  Steel  from  Uoesra.  Tnrton  ft  Sons,  Sheffield.    Uark  on 
bar,  "  U." 
Before  eiperiinaiit.  After  ei , 

H«igfat  of  ^>edmen -984111011.  -701  inch. 

Diimeter  of  speclmea -72  inch.  ....     -785  inch.* 

AlwofBpecimon -40715  eq.  in -48398  wj. 


Xo.          Weight  laid 

Weight  Uid 

Com. 

d                  an 

on  per  .q 

iHteinoh 

pwoion. 

Bemftrlu.              1 

hf. 

ipecunen. 

of  MM 

•Uon. 

inmcbe* 

lb*. 

(on«. 

Ibi. 

tons. 

--_._■    1 

1      37438 

16-713 

81951 

41-049 

•030 

1"           !    1 

2      44666 

20-074 

110440 

48-303 

-035 

3 

.52166 

23-288 

128124 

67-198 

■053 

J 

^^^ 

4 

58950 

26-316 

144786 

64637 

■069 

■ 

y^B 

5 

66022 

29-474 

162156 

72-391 

■118 

1 

I^H 

« 

73134 

3:i649 

179722 

80-233 

■167 

V 

>!^^^H 

7 

80214 

35  809 

197023 

87-952 

■228 

T   ■  i^M 

S 

88134 

38-346 

216465 

06-636 

■276 

9l    81840 

41-000 

225568 

100-700 

■293 

No  cracks. 

Saulli. — ^Here  ILe  strain  per  square  inch  (P,)  CBUsinfC  rupture  ia  225,568 
I'd.,  or  100-7  tona ;  and  the  corresponding  oomproamon  ((,)  per  unit  of  length 
u  '293.    B;  foimnla  (13). — ^The  work  (u)  expended  in  producing  ruptuie 
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Abstract  op  the  Results  op  Tables  L,  II.,  akd  III. 

Transverse  Strain. — Table  I. 

The  results  of  these  experiments  show  that,  within  the  eUastic  UmitSf  the 
deflections  are  in  proportion  to  the  pressures ;  for  example,  in  Experiment  1, 
the  deflections  are  almost  exactly  expressed  by  the  formula  2 » '001361  w, 
where  the  constant  *001361  is  the  mean,  D^,  of  all  the  deflections  for  a 
unity  of  weight  derived  from  formula  (3).  By  aid  of  this  principle  the  value 
of  the  weight,  w,  with  its  equivalent  deflection,  corresponding  to  the  elastic 
limit,  was  determined. 

The  mean  value  of  D^,  given  in  col.  4,  the  deflection  corresponding  to  imity 
of  pressure  and  section,  may  be  taken  as  the  measure  of  the  flexibility  of  the 
different  bars.  In  general,  the  least  flexible  bars  give  the  highest  values  of 
E  and  C,  and,  other  things  being  the  same,  or  nearly  the  same,  the  most 
flexible  bars  give  the  highest  values  of  u,  the  work  of  deflection  correspond- 
ing to  unity  of  section. 

The  bars  of  some  of  the  experiments,  10,  18,  28,  &c.,  with  more  than 
an  average  flexibility,  gave  very  high  values  for  C,  the  working  imit 
of  resistance  to  transverse  strain,  showing  their  great  value  when  applied  to 
the  springs  of  carriages  and  other  constructions,  where  flexibility  and 
strength  should  be  combined.  Such  bars  as  those  of  experiments  1,  12,  21, 
&c.,  with  less  than  an  average  flexibility,  gave  at  least  an  average  value  for 
C,  showing  their  applicability  to  all  constructions  where  rigidity  and  strength 
are  required ;  and  so  on  to  other  cases. 

The  mean  value  of  E,  the  modulus  of  elasticity,  given  in  col.  5,  taken  for 
thirty  of  the  best  specimens,  is  31,000,000  nearly,  whilst  the  mean  taken 
for  a  like  number,  in  col.  4,  is  about  32,000,000.  This  modulus  exceeds 
that  of  wrought  iron  by  more  than  the  30th  part.  Steel  having  a  much 
greater  flexibility  than  wrought  iron,  accounts  for  the  approximation  of  their 
values  for  the  modulus  of  elasticity.  The  bars  that  have  the  greatest  flexi- 
bility, or  the  great  value  of  D^,  other  things  being  the  same,  have  the  least 
value  for  the  modulus  of  elasticity. 

The  values  of  u,  or  the  work  of  deflection  for  the  unity  of  section  up  to 
the  elastic  limit,  may  be  taken  as  measures  of  the  qualities  of  bars  where 
flexibility  and  strength  are  required. 

The  bars  generally  exhibit  very  high  powers  of  resistance  to  transverse 
strain.  The  mean  value  of  the  unit  of  working  strength,  C,  given  in  col.  9, 
taken  for  one-half  the  number  of  experiments,  is  6*83  tons,  and  for  the 
remaining  half  (omitting  the  last  two  experiments)  this  constant  is  5'23 
tons,  giving  a  general  mean  of  6  tons.  In  the  model  tube  of  the  Britannia 
and  Conway  bridges,  the  value  of  the  constant  for  breaking  weight  is 
6-7  tons. 

Taking  11  tons  per  square  inch  as  the  mean  value  of  the  compressive  and 
tensile  resistances  of  wrought  iron  at  the  elastic  limit,  the  value  of  C  in 
this  case  will  be  less  than  2  tons ;  hence  it  follows  that  the  transverse 
strength  of  these  steel  bars  will  be  about  3^  times  the  strength  of  wrought- 
iron  bars  of  the  same  dimensions. 

In  order  to  determine  the  relative  value  of  the  two  kinds  of  material 
undergoing  transverse  strain,  let  us  suppose  two  bars  of  the  same  length, 
one  steel  and  the  other  iron,  having  the  same  strength,  to  be  similar  in  their 
transverse  sections  ;  then,  as  the  strength  of  bars  of  similar  section  are  as  the 
cubes  of  their  depths, 
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^lere  (2  is  fhe  depth  of  the  steel  bar,  d,  that  of  .-the  iron  bar,  and  S  =3-5 
the  ratio  of  their  units  of  workiiig  strength.  * 

Uut  as  the  areas  of  similar  section  are  as  the  squares  of  their  like  dimen- 
sionsy 

Section  iron  bar     3-5*  d^ 

Section  steel  bar ^^=  ^'^^  =  2-3052. 

Now  taking  the  cost  of  iron  at  £7  per  ton,  and  that  of  steel  at  £12,  wo 
haTe  for  the  relative  cost  of  the  two  materials  of  the  same  strength. 

Iron     7x2-3062     161364 

Sted  =       12 =  ~12~  =1-3447, 

that  is,  the  cost  of  the  iron  would  be  about  IJL  times  that  of  the  steel. 

In  the  case  of  railway  bars  and  such  constructions,  besides  this  saving  in 
the  cost  of  material,  it  must  be  borne  in  mind  that  the  steel  rail  would  last 
four  times  as  long  as  the  iron  roil. 

Tensile  Strain.— Tahle  II. 

Taking  the  mean  of  the  results  of  the  experiments  on  thirty  of  the  best 
^ecimens,  we  find  the  mean  tenacity  per  square  inch =47*7  tons. 

Now  if  we  take  25  tons  per  square  inch  as  the  tenacity  of  the  best  English 
hammered  iron  in  bars,  it  follows  that  the  tenacity  of  these  steel  bars  will 
be  about  twice  (1*91  time)  that  of  the  iron  bars. 

Economic  use  of  the  Material, 

For  bars  of  equal  strength,  undergoing  tensile  strain,  the  iron  bar  should 
be  about  twice  the  section  of  the  steel  bar ;  now  if  the  cost  of  steel  be  £12 
per  ton^  and  that  of  iron  £7,  then,  for  a  ton  of  metal  in  each  case,  the  com-* 
paratiye  cost  of  bars  of  equal  strength  will  be 

Iron  bars     7x191     13-37_ 
Steel  bars'"      12     ^    12~""^'^^'^' 

that  is,  the  cost  of  the  iron  would  be  more  than  once  and  one-tenth  that  of 
the  steel;  in  this  case,  therefore,  the  steel  would  be  the  more  economical 
metaL     The  saving  per  ton  of  materiJil  would  be  £1-37,  or  £1  7s.  4^d. 

The  work  producing  rupture  in  the  different  specimens  is  very  variable, 
owing  probably,  to  some  extent,  to  the  errors  arising  from  the  dctermina^ 
don  of  such  exceedingly  small  elongations.  This  irregularity  would  have 
been  avoided  if  the  specimens  had  been  of  greater  length,  so  that  the  elonga- 
tions might  have  been  ascertained  with  greater  accuracy. 

The  greatest  value  (6403)  of  this  work  of  elongation  is  given  in  expt.  14, 
irhere  the  breaking  strain  of  the  specimen  is  below  the  average,  being  only 
about  40  tons  per  square  inch. 

The  specimen  (see  expt.  18)  which  had  the  greatest  tenacity,  viz.  about 
CO  tons  per  square  inch,  required  only  670  units  of  work  to  produce  rup- 
ture ;  this  arises  from  the  very  small  elongation,  viz.  '01,  which  the  bar 
sustained  at  the  point  of  rupture, 

1867.  V 
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The  ultimate  elongations  are  unaccountably  variable,  and  seem  much  below 
what  might  have  been  expected ;  even  the  greatest  elongation,  '1437,  given 
in  the  Table,  is  below  the  average  for  iron  bars,  whilst  tiie  least  elongation, 
•0037,  produced  by  a  strain  of  38^  tons  per  square  inch,  is  only  about  the 
60th  part  of  this  average. 

Oowiprewion.— Table  III. 

Thirty-two  of  the  bars  supported  each  a  pressure  of  100-7  tons  per  square 
inch  of  section  without  undergoing  any  sensibble  fracture,  whilst  twenty- 
three  bars  were  more  or  less  fractured  with  this  pressure. 

The  mean  value  of  the  compression  per  unit  of  length,  given  in  col.  6  of  the 
Table,  taken  for  24  of  the  best  specimens,  is  '372  ;  whilst  the  mean  taken  for 
the  remaining  specimens  is  '232,  giving  a  general  mean  deflection  of  '302. 

The  work,  w,  expended  in  crushing  the  material  in  short  columns  is  re- 
markably large.  The  mean  value  of  u,  given  in  col.  7,  taken  for  26  of  the 
best  specimens,  is  41300 ;  whilst  the  mean  taken  for  the  remaining  Bpeci- 
mens  is  25400,  giving  a  general  mean  value  of  33400. 

If  6000  be  taken  as  the  value  of  u,  in  the  case  of  tensile  strain,  then  the 
work  expended  in  rupturing  the  material  by  compression  will  be  SjJ  times 
the  work  expended  in  rupturing  the  material  by  extension. 

Tensile  and  ccmpresrive  Resistanees  compared. 

Taking  the  mean  tensile  resistance  to  rapture  at  47-7  tons  per  squftre 

inch,  it  follows  that  their   resistance  to  compression  is  more  than  double 

•     .  1007       •      — .        ..  i»i 

(2-1  times)  their  resistance  to.  extension :  thus   a^^,^  =2'1.    BLenceitloi- 

lows  that  the  most  economic  form  of  a  steel  bar  undergoing  transverse  strain 
would  be  a  bar  with  double  flanches,  having  the  area  of  the  bottom  flanch 
about  double  that  of  the  top  flanch. 

This  conclusion  is  borne  out  by  the  results  of  experiments  on  transrcTBe 
strain,  where  S^  the  strain  per  square  inch  of  the  material  at  the  elastic 
limit,  =60=6  X  6-83  tons=40-98,  or  41  tons  nearly ;  but  the  mean  break- 
ing strain  per  square  incK  by  extension  «47'7  tons,  dearly  indicating  that 
the  compressive  resistance  in  the  former  case  was  considerably  in  excess  of 
the  tensile  resistance. 

It  is  important  in  every  experiment  on  the  strength  of  materials,  which 
enters  so  largely  into  constructive  art,  that  we  should  be  thoroughly  ac- 
quainted with  the  properties  of  the  material  of  which  the  structure  is  com- 
posed, and  that  its  resistance  in  all  the  diflferent  forms  of  strain  should  be 
clearly  and  distinctly  ascertained.  In  the  foregoing  experiments  we  have 
determined  the  resisting  powers  of  the  different  specimens  to  bending,  tcn- 
sion,  and  compression;  but  we  have  omitted  that  of  torsion,  or  twisting, 
until  we  have  an  opportunity  of  doing  so  upon  the  same  identical  bars- 
These  I  hope  to  accomplish  in  a  separate  communication,  and  also  to  pj^ 
some  further  results  on  an  enlarged  scale,  calculated  to  confirm  what  has 
already  been  done,  and  to  ascertain  some  additional  facts  in  regard  to  the 
changes  now  in  progress  in  the  manufacture  of  Bessemer  steel. 
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Siport  of  the  Committee  appointed  to  explore  the  Marine  Fauna  and 
Flora  of  the  South  Coast  of  Devon  and  Cornwall. — No.  2.  Consist- 
mg  of  J.  GwYN  Jeffreys^  F.R.8.,  Rev.  Thomas  Hincks,  Jonathan 
Couch,  FJj.S.,  Charles  Stewart,  F.L.S.,  J.  Brooking  Rowb, 
Fl,8.,  and  J.  Ralfs,  F.L.8.  Reporter,  C.  Sfence  Bate,  F.R.S.  8fc. 

h  preseBtmg  iheir  Second  Report,  the  Committee  beg  to  state  that  their 
ode&TOTir  has  been,  as  much  as  possible,  to  direct  their  researches  towards 
tie  discovery  of  rare  or  new  species, — to  retake,  upon  the  ground  on  which 
%  were  originally  found,  specimens  similar  to  tiiose  that  have  been  de- 
smbed  by  Leach  and  Montagu,  some  of  whose  typical  specimeiis  have  been 
H  misplaced,  or  destroyed.  This  is  more  true  in  regard  to  the  Crustacea 
^  perhaps  of  any  other  dass  of  animals — a  circumstance,  when  taken  in 
wamexion  with  the  curt  descriptions  of  the  auimals  given  by  the  authors, 
^t  materially  interferes  with  tlie  power  of  zoologists  to  pronounce  with  con- 
tsdence  upon  the  relation  that  any  fresh  specimens  may  bear  to  those  types. 

To  carry  out  this  plan  as  much  as  possible,  we  have  directed  our  investiga- 
ticns  hitherto  mostly  between  Bigbury  Bay  toward  the  east,  and  the  Dodman 
towaid  the  west.  Within  these  limits  our  dredging  and  trawling  has  been 
mHy  carried  on  within  a  distance  of  about  twenty  miles  of  the  shore,  and 
u  vater  that  has  not  exceeded  fifty  fathoms  in  depth. 

Fish. — As  regards  the  obtaining  of  fish,  the  sweep  of  a  dredge,  Mr.  Couch 
'^,  is  too  limited  to  afford  a  prospect  of  much  success ;  and  our  notes  about 
"^  can  be  but  few.  In  shallow  depths  the  Megrim  or  Scaldfish  (Ehombtis 
^^hsm)  was  obtained  in  abundance ;  but  none  were  found  at  between 
%  uid  fifty  fathoms.  At  the  latter  depth  the  Launcelet  and  larger  Launce 
^  lain  buried  in  the  sand ;  as  regards  the  latter,  it  seems  worthy  of  notice 
M  at  this  season  the  large  abundance  of  its  species  have  changed  their 
^Parters  so  as  to  approach  the  shore,  while  at  least  in  this  one  instance  an 
^ple  has  remained  buried  in  its  winter  haunt.  An  observation  made  by 
^  intelligent  fisherman  may  also  be  deserving  of  notice.  It  refers  to  the 
**Kt  of  some  small  individuals  of  several  kinds  of  fish  seeking  shelter  within 
^e  canity  of  some  of  the  larger  species  of  medusae.  Very  small  Scads,  Bibs, 
^  IHutrng  Pollacks  are  often  found  thus  attending  on  these  medusee,  so  as 
w  accompany  them  wherever  they  float ;  and  on  the  least  alarm  they  have 
'^^^^^Qise  to  the  shelter  thus  offered  to  them ;  so  that  on  lifting  one  of  these 
^tnres  into  the  boat  there  were  found  concealed  within  the  cavities  no 
^«8  than  sixty 'two  young  Scads — from  which  the  question  arises,  As  these 
^^Tis8B  are  generally  believed  to  come  to  us  from  a  warmer  region,  may  they 
^^t  be  the  means  of  conveying  to  us  young  fishes  of  rarer  sorts,  which  other- 
^^  might  not  have  visited  us  ? 

Among  the  rarer  fishes  which  have  come  to  our  knowledge  since  our  last 
^Port  to  the  Meeting  of  the  British  Association,  I  may  be  permitted  to 
^tioii  Ausonia  cuvieri,  of  which  an  account  is  given  in  the  Journal  of  the 
Zoological  Society, — and  also  what  there  is  some  reason  to  judge  a  distinct 
^cies,  to  which  the  name  has  been  assigned  of  A,  cocJcsii.  We  have  had 
also  the  Scabbard  fish  {Li^idoptis  argyreus),  which  was  found  floating  on 
">e  surface  near  Falmouth,  and  also  the  Silvery  hairtail  {Trkhivrus  lep- 
twjTjg)  taken  in  a  drift-net  near  Penzance. 

MourscA. — BosteUaria  pes-pejecaniy  in  all  stages  of  giovth;  Fsattmohia 
*«pfrfiVia,  Crassina  danmonii,  Cardiwn  espinatum^  C.  levigaivm^  Centhivm 
^^^,  Acmaa  virgtnea,  from  a  trawl  (but  this  example  differs  from  the  figure 
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given  by  Forbes,  as  if  from  greater  age),  Chione  islandica,  VenuM 
V.  fasciata,  Solen  peUuddus,  Saancava  arctiea^  lAma  hians,  or  L. 
single  valve  from  thirty-five  fathoms) ;  Peetens,  numerous,  among  them 
tigrinus,  but  all  empty  shells ;  Dentalium  entaUs ;  D,  tarentinuin  (?),  Ptlidi 
fulvum,  on  the  dead  shell  of  Pinna  nigra ;  Fu$u8  projfnnquus ;  F. 
Srom  forty  fathoms ;  Bulla  lignaria ;  TurriuUa  terebra  ;  Troduis  papiQ< 
Scalaria  dathratulus ;  Natica  alderi ;  N.  rdtida^  from  the  stomach  of 
aurantiaca ;  Pandora  inasquivalvis ;  two  or  three  examples  of  a  genns 
Forbes  terms  TropTion,  but  of  which  he  has  not  given  figures ;  Emargi 
rosea ;  Margindla  rosea, 

Cbustacea. — The  Beporter  states  that  the  number  of  Cmstaoea  that 
been  taken  off  this  south- western  coast  of  England  has  been  very 
being,  with  few  arctic  exceptiqns,  the  whole  that  have  hitherto  been  kao 
the  British  seas,  to  which  we  have  the  pleasure  of  adding  several  intei 
ing  and  important  species. 

The  entrance  to  the  English  channel  appears  in  its  position  to  be 
boundary  or  extreme  limits  of  two  several  faunas.     We  find  species  that 
decidedly  arctic  in  their  character  represented  by  specimens  that  ha' 
generally  depauperized  appearance,  both  as  to  size  and  typical  expi 
while  Mediterranean  species  are  represented  without  any  large  amount 
variation  in  form  or  dimensions  of  specimens.     But  our  obsenratioiiB 
us  to  believe  that  the  southern  forms,  when  taken  on  our  shores,  are 
rally  dredged  from  water  of  considerable  depth,  whereas  those  of  the 
types  are  as  invariably  taken  in  shallow  water. 

The  variation  of  depths  and  local  habitats  appear  to  us  to  depend  m 
upon  the  condition  of  food  and  its  general  supply  than  from  other  cansi 
we  therefore  think  that  the  geographical  distribution  of  animals  in  limi* 
regions  can  only  be  worked  out  by  a  previous  knowledge  of  the  history  of 
animals,  particularly  in  relation  to  their  food — and  even  then  cannot  be 
reliable. 

The  annexed  list  of  Crustacea  exhibits  the  various  species  that  have 
recently  taken  by  members  of  this  Committee. 

Brachtttba. 


Stenorhynchns,  Lamarch, 

phalangium,  Penn.    . 

tenmrtMinB,  Leach  ., 
Ach£eu8,  Leach. 

cranchii.  Leach 

Inaohus,  Pair, 

donettenaiB,  Penn.  ,. 
Pisa,  Leach. 

tetraodon.  Leach   

Hyas,  Leach. 

aranea  Pahr 

Ifaiai  Lam. 

squinado,  Serbtt  

Eoiynome,  Leach. 

aspera,  XtforA    

Xantho,  Letxch, 

tioridAt  Leach 

nralo8A,I!d 

tubenmlata,  Couch 


Range 


Fath. 
3-45 
6-30 

6-20 

&-30 

10-20 

6-40 

3-  8 

4-40 

6-20 
6-20 
4>45 


Qround. 


Zoopliytic. 
Zoophjrtic. 

Zoophytic. 

Bocky. 

Weedy. 

Weedy. 

Weedy. 

Weedy. 

Bocky. 
Bocky. 
Stony, 


Frequency. 


Common. 
Frequent. 

Oocasionallj. 

Occasionally. 

Not  common. 

Freqneni. 

Frequent. 

Frequent. 

Occasionally. 
Occasionally. 
Frequent. 
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BiACHTUKA — continued. 


Bange. 

Ground. 

Frequency. 

dentitfulata,  Mont 

4    3 

0-    i 

O-  1 
4-45 
3^^ 
5 

0 
80 

12 

40 

4-45 

40-45 

30-45 

12 

Zoophytic. 
Rocky. 

Rocky. 

Zoophytic. 

Zoophytic. 

Trawled. 

Oyster-bed. 
Stony. 

Zoophytic. 

On  liying  turtle. 

Frequent. 
Common. 

Frequent. 
Occasionally. 
OcoasionaUy. 
Occasionally. 

Occasionally. 

1  in  mussel,  Saltasfa. 

1  in  Finna, 

Occasionally. 

2  near  French  coast. 

Frequent. 
Frequent. 
Frequent. 

Occasionally. 

Common. 

Poitiiinu,  Leaek, 

depuretor, 'X«<M;il  

mamioreuB.  Leach 

pwdllms  Lfiich 

PoIy&ii8»  Leach, 

henslowii.  Leach   

Pinnotheree,  Latr, 

TetCTuno.  Boee   

Gonophax,  Leach, 

anffuliitA.  Jjtiaiih, .  ^  r ,  T 

Pkoea,  Leach. 

linneana.  Leach    

Ebalia,  Leach, 

Donnantii.  Le€ich  ......... 

bryerii.  Leach    

Sheiiy. 
SheUy. 

Stony. 

• 

Zoophytic. 

lidecydus,  Lc<Mch, 

heterodon.  Xieach 

Corystefl,  Leach, 

cassiyelauimsy  Leach 

• 

A 

jfOXimA. 

Range. 

Ghround. 

Frequency. 

Pagnros,  Fabr, 

bornhard  us. />*ttit. ,..,,., , 

Fath. 
0-30 
6-45 
3-10 
6 
4-10 
0-  6 

0-  3 
4-40 

12 

4-40 

0-10 

40 

10-45 

20-80 
30 

Stony. 

Zoophytic. 

Rocky. 

Mud  and  stone. 

Rocky. 

Sandy  rocky. 

Rocky. 
Zoophytic,  rocky. 

Zoophytic. 

Zoophytic. 

Stony. 

Shelly. 

Zoophytic. 

Stony. 
Stony. 

1 

Common. 

Occasionally. 

Not  common. 

Occasionally. 

Occasionally. 

Common  atExmouth,  oc- 
casionally at  tho  mouth 
of  the  Yealm. 

Common. 
Common. 

Occasionally. 

Common. 

Common. 

Occasionally. 

Frequent. 

Occasionally.  Mr.  Couch 
says,  common  in  sto* 
mach  of  codfish. 

2  specimens. 

'         nrideAUzii.  Leaeh  ,. 

cnanenais.  Thotn,  

hyndmanni,  Thom 

leyis.  Thorn, 

dillwmii.  Sp-  S.    ,.-,.,,.. 

Poroellana,  Lam, 
'        nlatycheles.  Penn 

lonirioornis.  Penn. ,...,.,.. 

Galathea,  Fair, 

sauamifera.  Leach 

disnersa.  Sv.  S 

slrieosa.  Fabr,  

nexa.  JEmb 

sndrewsiL  Kin 

bamffica,  Fenn,  (Munida 
Tondeletii,  Bell)    

1 

digitidistans,  iS|p.  ^ 
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Maobusa. 


Range. 

Ground. 

Frequency. 

Scyllarus,  Fahr. 

arctuB.  Zdnu 

Fatb. 
6 

3-10 

4 

1-6 

0-40 

20 

6-15 

6 

30 
30 

4 
30 

•  •  • 

6-10 

6-10 
4-  6 

6 

1-40 

Rocky. 

Rocky. 

Mud. 

Rocky. 

Sand. 

Stony. 

Zoopbytio. 

Ro<^. 

Stony. 
Stony. 

Stony. 
Stony. 

6    specimena:     1    Ply- 

PalinuruBi Fabr, 

vuliwnB.  J'f-t*-,  r-'f 

mouth,    1     Polperro, 
and  8  Penamoe. 

Common. 

Callianassa,  Lectch, 

Bubterranea,  Leach    

HomaruB,  Jlt.'Sd. 

marintiM.  Wftbft 

1  Bpeoimen. 
Common. 

Crangon,  Fabr. 

TulinriB.  Ftfbf*  *,-,-■, 

Common. 

horeaa/Phipps  (fasciatiiB, 

MissOf  BculptuB,  Bell) 
BoinoBUB.  XfCach 

Occasionally. 

Frequent. 

4  Bpecimena,  Bigsby  Bay 

Several  Bpedmens. 

triBpindsUBi  SaiUtr 

AlpheuB,  Fabr, 

ruber.  Fdw 

odwardsii    

Several  BpecimenB. 

Typton,  CoHa. 

BpongioBum,  Sp,  B 

Nika»  Risio. 

eduliB    CBu8o\    oouchii, 
iBeU) 

4  specimens  in  a  sponge. 
OccaBionally. 

AthanaB,  Leach. 

nit<*B<¥*nB.  3/<M»^. . . , 

Off  Polperro, 

Hippolyte,  Leach, 

crancbii.  Ijeach  .,■,.,--, 

Stony. 

Stony. 
Stony. 

Rocky. 

Rocky. 

Common. 

Caradina,  Fdw, 

vA.ria.TiA.   T^/Sjch    

Common. 

tenuirostris,  Sp,  B 

PandaluB  Jeffrcysii  {Sp.  B.) 

(TbompBoniP,  Belt) 

Pal»mon,JFVi^.       * 

serratiiB,  Penn 

Several. 
Common. 

Among  the  Brachyura  we  know  not  of  any  that  call  for  especial  remark, 
except  Planes  linruKana,  of  which  Mr.  Couch  says,  "  In  the  spring  of  the 
present  year  (1867)  an  example  of  the  Hawk's-biU  Turtle  was  taken  in  the 
Channel,  at  not  a  great  distance  from  the  French  coast,  and  therefore  not  to 
be  classed  as  British ;  but  when  brought  alive  and  active  to  Polperro,  there 
were  found,  adhering  closely  under  the  shelter  of  its  tail,  two  full-grown 
examples  of  the  Crab  Planes  linnceafia, — the  situation  evidently  chosen  for 
support  and  shelter ;  for,  from  the  structure  of  their  hind  legs,  it  does  not 
appear  probable  that  they  can  maintain  themselves  at  the  suiface  without 
the  aid  of  some  extraneous  support.'' 

These  would  not  have  been  recorded  here  if  the  species  had  not  pre- 
viously been  taken  on  our  coast ;  for  there  can  be  litUe  doubt  that  they  aro 
mere  strangers ;  and  the  specimens  having  been  taken  attached  to  a  hving 
turtle  corroborates  the  feu^t,  while  it  also  shows  that  the  exotic  reptile  must 
have  gathered  them  as  it  travelled  by  the  Sargossa  weed. 

Amongst  the  anomurous  Crustacea  we  would  wish  to  notice  the  genus  that 
Leach  has  named  Munida  in  order  to  distinguish  it  from  that  of  Oahlhee ; 
but  the  points  of  distinction  are  not  sufficient  to  warrant  so  great  a  separatioD, 
and  naturally  they  appear  to  lis  to  be  but  species  of  one  genus. 
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We  have  reoently  taken  three  fine  specimens  on  the  shelly  ground  off  the 
Dodman  in  about  thirty  fathoms  of  wat^.  The  first  specimen  that  we  ob- 
tuoed  difiiared  from  those  previously  known  and  described  by  having,  instead 
of  a  long  central  rostriform  spine  flanked  by  two  shorter  ones  of  analogous 
(»n9troction,  three  equally  important  anteriorly  porrected  spines — ^this  in 
consequence  of  the  two  lateral  spines  being  developed  to  a  length  corre* 
gponding  with  that  of  the  central  in  normal  specimens ;  whilst  in  another 
specimen  the  central  spine  appears  to  be  rather  longer  in  proportion  to  the 
lateral  ones  than  that  figured  by  either  Leach  or  Prof.  Bell,  and  the  specimen 
bears  a  very  dose  relationship  to  OalatJisa  numodon  of  MUne-Edwards  from 
Braal — a  circumstanoe  that  supports  an  opinion  that  we  have  elsewhere 
expTeised,  that  there  is  a  very  considerable  resemblance  between  the  cmstacea 
of  the  South- American  coast  and  that  of  the  British  seas. 

'Rub  species,  Gdlaihea  hamffica  (Munida  rondeUtii^  Bell),  is  stated  to  be  one 
of  the  rarest  of  our  cmstacea,  and  is  seldom  to  be  met  with  in  our  museums. 
Its  habitat  is  most  probably  the  temperate  latitudes  in  tolerably  deep  water 
on  the  western  shores  of  Europe ;  for  although  extending  as  far  as  the  Shet-- 
lands,  yet  the  specimens  that  have  been  dredged  in  the  colder  regions  are, 
ve  believe,  invariably  very  small  and  the  inhabitants  of  very  deep  water. 

Among  the  QalatTum  that  we  have  taken  on  our  coast,  and  which  embrace 
aH  that  have  been  previously  known  as  British,  is  one  that  we  think  must  be 
wcepted  as  not  having  been  previously  described. 

The  largest  specimen,  measuring  from  the  extremity  of  the  tail  to  that  of 
the  extended  hands,  is  little  more  than  two  inches,  of  which  the  animal 
itself,  measuring  ttom  the  extremity  of  the  rostrum  to  that  of  the  tail,  is 
Httle  more  than  one  inch.  This  species  differs  from  either  of  the  others  in 
having  the  lai^  pair  of  chelate  pereiopoda  flat  and  broad,  the  fingers  much 
ftirved,  very  distant,  and  meeting  only  at  their  apex  when  closed,  furnished 
ott  the  inside  with  a  considerable  brush  of  hairs,  and  armed  near  the  base  of 
the  moveable  finger  with  a  prominent  tubercle  or  tooth,  but  which  appears 
t<}  he  of  little  importance,  since  it  is  not  able  to  impinge  against  the  opposite 
°^^  We  have  sometimes  thought  that  this  specimen  may  only  be  an 
extreme  form  of  the  male  of  Oalathea  aquamifera ;  but  the  armature  of  the 
^nrface  of  the  hands,  which  is  generally  a  safe  guide  in  specific  character, 
^  a  distinct  variation.  In  O.  aquamifera  the  arms  are  covered  generally 
^th  a  series  of  curved  scale-like  tuberculations,  the  anterior  margin  of 
^rhich  is  divided  into  a  series  of  bead-like  elevations,  while  in  the  most 
typical  parts,  such  as  on  the  surface  of  the  meros  and  carpus,  the  central 
I>rominence  is  elevated  to  a  point,  and  the  whole  of  the  tubercular  ridge  is 
<?rowned  by  a  row  of  short  hairs  so  minute  that  they  are  not  perceptible  ex- 
cept by  the  assistance  of  a  lens.  These  tuberculations  are  closely  packed  and 
i«g^r. 

In  the  supposed  new  species  the  tuberculations  are  less  prominent  and 
^^tined,  the  margins  of  which  can  only  be  perceived  to  be  at  all  baccated  by 
^weful  arrangement  of  the  light,  while  the  cilia,  being  far  less  numerous,  are 
yet  more  conspicuous  under  the  lens.  If  it  be  only  a  variation  of  O,  squami- 
M,  as  we  are  much  inclined  still  to  consider  it,  it  is  too  important  a 
"^riation  to  be  passed  over  without  notice,  and  the  Reporter  has  named  it 
P^o^ionally  Oalathea  digitidistans,  until  the  observation  of  a  larger  series 
^  specimens  than  we  have  as  yet  seen  may  enable  us  to  arrive  at  a  correct 
delusion. 

^e  zoe  of  the  genus  PoreeUana  has,  we  believe,  been  figured  from  exotic 
Wee  by  Dana ;  and  having  the  opportunity  of  observing  that  of  P.  platy- 
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cheles,  we  have  taken  advantage  of  the  circumstance  (PI.  I.  fig.  4).  It  differs 
from  the  recognized  typical  zoe  of  the  common  shore-crab  (Careinus  memos) 
in  the  monstrous  development  of  an  anterior  and  two  posterior  comuous  pro- 
cesses to  the  carapace,  and  in  the  formation  of  the  telson ;  but  in  its  complete 
character  it  o£fers  an  intermediate  condition  between  the  larvae  of  the  bra- 
chyuroua  and  macrurous  Crustacea.  It  has  the  appendages  of  the  cephalon 
and  pereion  developed  to  a  similar  extent  with  those  of  the  Brachyura, 
whereas  the  telson  and  carapace  bear  a  nearer  resemblance  to  the  same  parts 
in  the  Macrura,  from  which  they  differ  in  degree  only.  In  the  carapace, 
instead  of  the  rostrum  and  the  posterior  angles  of  the  carapace  being  only 
just  pronounced,  as  in  the  macrurous  zoe,  they  are  developed  to  a  larger  ex- 
tent in  the  anomurous  larvee,  and  in  the  young  of  the  ForeellafUB  to  nearly 
twice  or  three  times  the  length  of  the  animal ;  while  the  telson,  instead  of 
being  shaped  like  the  caudal  fin  of  a  fish,  has  in  the  Anomura  the  central 
portion  sometimes  produced  to  an  angle  posteriorly. 

Beyond  this  stage  of  the  development  of  this  species,  or,  we  believe,  any 
species  of  the  Anomura,  we  have  no  sure  knowledge,  except  that  which  we 
stated  in  the  last  Beport  relative  to  the  genus  GlattcotJwe  being  a  stage  in  the 
development  of  the  genus  Fagvrus, 

The  zoe  of  Pagurm  (PL  I.  fig.  I)*i8  probably  tolerably  well  known  to  car- 
cinologists,  but  we  are  not  aware  of  its  having  been  figured  or  described.  It 
has  the  anomurous  character  of  having  a  pointed  rostrum  and  a  projecting 
point  at  each  of  the  posterior  angles  of  the  carapace,  and  the  telson  termi- 
nating in  a  gradually  widening  fishtail-like  appendage,  fringed  with  a  few 
terminal  spines — the  appendages  being  developed  rather  on  the  type  of  those 
of  the  Brachyura  than  of  the  Macrura.  During  our  expeditions  we  have 
taken  specimens  that  we  believe  to  be  the  zoe  of  the  same  genus  still  further 
developed ;  we  say  believe  to  be,  because  it  is  only  from  analysis  that  we  hare 
come  to  this  conclusion,  and  we  have  not  the  testimony  of  direct  observation 
that  the  one  is  the  older  stage  of  the  other. 

That  which  we  take  to  be  the  second  stage  of  the  genus  Pagurus  (PI*  I* 
fig.  2)  we  took,  in  the  latter  end  of  May,  in  a  towing-net,  in  Plymouth  Somid. 
JFrom  its  general  appearance  our  first  impression  was  that  it  was  the  young  of 
&Palcemon;  but  closer  observation  and  a  careful  dissection  of  its  parts  induce 
us  strongly  to  believe  that  it  is  the  young  of  one  of  the  anomurous  group 
of  Crustacea, — ^in  the  first  place  the  form  of  the  carapace,  in  the  next  the 
general  divergence  from  and  the  resemblance  to  the  appendages  of  the  zoe  of 
a  macrurous  decapod.  The  superior  antenna  is  developed  upon  the  brachy- 
urous  type,  but  the  inferior  has  the  squamiform  appendage  of  the  macrurous 
Crustacea.  All  the  other  appendages  that  pertain  to  the  cephalon  and  pereion, 
except  the  last  pair  of  pereiopoda  (and  these  are  not  developed,  at  least  they 
were  not  perceptible  to  our  examination),  have  the  macrurous  type— a  cir- 
cumstance that  would  accord  with  the  animal  being  that  of  an  undeveloped 
anomurous  crustacean.  The  pleon  and  its  appendages  bear  a  very  close  resem- 
blance to  those  of  the  larva  of  a  prawn,  since  it  is  cquilateraUy  developed  ana 
furnished  with  a  pair  of  appendages,  posteriorly  and  ventrally,  attached  to  each 
somite,  the  last  of  which  is  much  larger  than  the  others,  and  is  evidently  a 
progressive  stage  in  the  development  of  the  great  caudal  plates  of  the  mocru- 
xous  Crustacea. 

We  attribute  it  to  the  genus  Pagurus  rather  than  to  any  of  our  other 
anomurous  Crustacea,  because  it  differs  from  the  known  zoe  of  Porcellana, 
and  of  that  of  Oalathea  we  have  no  knowledge;  but  from  the  nearer 
approach  of  these  last  genera  to  each  other  in  their  adult  stage  than  io 
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Po^urus,  we  are  inclined  to  believe  in  a  near  resemblance  of  their  larvie. 
Hence  our  assumption  that  this  present  immature  species  is  a  young  Pagurtis* 

The  next  stage  (PI.  I.  fig.  3)  to  which  we  allude  is  one  that  we  noticed 
in  our  preliminary  Beport  to  this  Association. 

The  ammal  is  a  small  creature  that  we  took  floating  near  the  surface  of 
tiie  sea  in  a  warm  day  in  June.  Its  general  appearance  is  that  of  a  young 
nscrarous  crustacean ;  and  as  such  has  been  classified  near  to  Callianassa  and 
Miadina,  It  is  symmetrical,  except  in  the  larger  development  of  the  great 
chela  of  the  right  side.  The  two  succeeding  pereiopoda  are  very  long,  but 
simple,  iu  their  formation.  The  last  two  are  considerably  reduced  in  size ;  and 
the  anterior  terminates  in  a  small  imperfectly  didactyle  forceps ;  and  the  pos' 
tenor  has  a  copious  brush,  consisting  of  cilia  and  short  and  broad  spines, 
^ongst  which  the  short  obtuse  and  spinous  dactylos  is  discernible.  The 
pleon  is  well  developed,  having  each  somite  clearly  defined,  and  all,  except 
&e  first,  carrying  an  equally  developed  pair  of  appendages,  each  of  which 
fxtfmts  of  a  peduncle  and  two  xmequal  rami.  The  posterior  pair,  or  uropoda, 
liiffer  from  &e  others  in  having  the  peduncle  shorter,  and  the  outer  ramus 
ioQger  and  more  robust ;  it  is  likewise,  in  the  older  specimens,  curved  slightly 
iDore  on  the  left  side  than  on  the  right. 

In  this  condition  they  probably  continue  until  they  find  a  suitable  molluscous 
M  in  which  to  reside.  We  imagine  that  they  may  continue  to  cast  their 
emvia  and  grow  according  to  the  length  of  time  that  they  are  deficient  of  such 
shell,  because  we  have  taken  specimens  occupants  of  shells  that  are  still  smaller 
than  the  one  described,  and  yet  further  advanced  to  maturity.  It  would  be 
«uiouB  to  see  if,  when  deprived  entirely  of  the  use  of  a  shell  for  a  habitat, 
they  Bhould  continue  to  grow  and  retain  the  normal  form  of  the  pleon  gene- 
lally— a  feature  that  characterizes  some  of  the  exotic  closely  allied  genera. 

Thus  a  careful  examination  of  numerous  specimens  has  enabled  us  to 
demonstrate  the  progressive  development  of  the  genus  Pagurus,  and  to  afi&rm 
vith  much  confidence,  judging  by  the  descriptions  and  figure  of  the  authors, 
that  the  genera  GlaucotJioe  of  M.-Edwards,  and  Prophylax  of  Latreille,  are 
Bone  other  than  an  immature  stage  of  the  genus  Pagurus ;  but  since  their 
f'pecimens  were  exotic,  they  were  probably  the  young  of  some  foreign  species. 

Amongst  the  macrurous  Crustacea,  we  have  had  the  opportunity  of  exa- 
^Dining  and  figuring  the  larva  of  Palinurus  (PI.  II.  fig.  2).  The  young  of  this 
genua  was  first  made  known  to  this  Association  by  the  late  Mr.  R.  Q.  Couch 
^i  Penzance,  at  the  Meeting  at  Dublin  in  1857,  when  he  drew  attention  to  tho 
Bear  resemblance  existing  between  it  and  tho  genus  Phyllosoma,  In  1 864-65 
it.  Gerbe  (see  the  *  Comptes  Eendus ')  repeated  the  discovery  of  Mr.  Couch, 
^d  asserts  that  the  larva  of  Palinurus  is  identical  with  the  genus  Phyllosoma, 

The  larva  of  most  of  the  decapod  Crustacea  has  the  largest  amount  of  deve- 
lopment, commencing  with  the  cephalon  and  the  pleon ;  whilst  in  the  larva 
of  the  Palinurus  the  greatest  advancement  exists  in  the  anterior  part  of  the 
^halon  and  in  the  pereion,  whereas  the  pleon  is  almost  rudimentary. 

On  comparing  it  with  the  genus  Phyllosoma  (PL  II.  fig.  1),  as  M.  Gerbe 
^  done,  there  is  little  in  the  general  structure  of  the  animals  that  can  war- 
|Mit  a  separation  of  the  two,  or  that  might  not  be  accounted  for  by  an 
increasing  development  of  the  younger  specimens.  Yet  there  are  certain 
points  that  weigh  heavily  in  the  balance  of  evidence  against  the  larva  of  i\i- 
iinurus  and  Phyllosoma  being  but  difierent  stages  of  the  same  animal : — 

(1)  It  is  contrary  to  our  experience  that  so  smaU  an  amount  of  progressive 
developinent  shall  have  taken  place  in  an  animal  that  has  increased  in 
growth  to  about  thirty  times  its  size.  We  generally  perceive  in  the  develop- 
ment of  Crustacea  that  the  most  important  changes  are  those  that  imme- 
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diately  succeod  the  birth  of  the  larva.  (2)  The  most  oertain  mark  by  which 
a  young  animal  may  be  known  is  the  immature  condition  of  the  antennae, 
more  especially  the  flageUa ;  now,  whilst  in  the  larva  of  the  JPcdinurus  they 
are  very  rudimentary,  in  Phyllosoma  they  assume  an  adult  character,  and,  in 
the  second  pair,  one  that  is  of  a  peculiar  feature,  at  least  in  the  species  to 
which  we  refer.  (3)  The  oral  appendages  appear  to  be  present,  though 
only  as  the  germs  of  the  future  parts,  whilst  in  PhyUosoma  they  appear  to 
exist  in  a  rudimentary  condition  that  assimilates  little  to  a  progressive  stage. 
(4)  Double  branchial  vesicles  are  attached  to  the  cozob  of  each  pair  of 
pereiopoda,  whilst  none  exist  in  the  larva  of  Palinurua.  We  must  admit, 
however,  that  this  argument  is  not  very  strong,  seeing  that  in  the  adult 
Falinwus  branchial  organs  are  present,  and  that  there  must  be  a  period 
when  they  first  appear;  and  it  is  most  probable  that  their  earliest  stage 
is  of  the  most  simple  character.  And  perhaps  we  should  not  have  thought 
it  sufficiently  important  to  have  remarked  upon,  had  not  M.  Gerbe  stated 
that  Phyllosoma,  like  the  larva  of  Palinurus,  was  without  branchial  appen- 
dages ;  and  M.  M.-Edwards  remarked  that  these  vesicular  appendages  are 
vestiges  of  the  external  branch  of  the  limbs.  (5)  PhyUosoma  is  a  tropical 
genus,  and  with  such  we  can  only  compare  the  larva  of  Palinurus ;  two 
specimens  only  of  the  former  have  been  obtained  in  the  British  seas,  whereas 
Palinurus  is  very  common  on  our  coasts — an  argimient  that  might  be  very 
forcible  were  we  not  cognizant  of  the  fact  that  we  are  quite  as  much,  if  uot 
more,  in  the  dark  in  relation  to  the  development  of  the  common  lobster. 

Our  ignorance  upon  these  interesting  and  important  points  in  the  history 
of  the  Crustacea,  together  with  the  discovery  of  Fritz  Midler,  that  the  larva 
of  Pen&us,  and  probably  that  of  some  other  prawns,  very  closely  resembles 
that  of  the  cirripedes  and  other  entomostracous  larvae,  shows  that  there  is 
much  yet  to  be  done  of  far  more  interest  to  zoological  science  than  the  mere 
discovery  of  new  species  to  be  added  to  our  fauna.  The  great  diversity  of 
structure  and  the  wonderful  variation  in  the  development  of  animals  tiiat 
possess  a  great  similarity  in  their  adult  condition  indicate  that  careful  study 
of  these  animals  will  probably  assist  in  throwing  considerable  light  on  some 
of  the  more  profound  problems  of  biological  knowledge. 

Several  specimens  of  Scyllarus  arctus  have  been  taken  recently  on  our 
coasts.  It  is  some  years  since  Mr.  Couch  announced  the  first  appearance  of 
this  as  a  British  species ;  and  none  has  since  been  recorded  until  these  last 
two  years,  when  several  have  been  taken  near  Penzance  by  Mr.  Cornish,  and 
one  off  the  Mewstone,  near  the  eastern  entrance  of  Plymouth  Sound ;  two 
of  these  were  furnished  with  spawn,  and  two  were  found  in  the  stomach  of 
a  cod-fish.  That  which  we  obtained  off  the  Mewstono  was  four  inches  and 
a  half  long,  and  one  of  the  most  interesting  additions  to  our  local  fauna. 
This  length  is  half  as  long  again  as  that  recorded  by  M.  Milne-Edwards 
of  the  Mediterranean  specimens. 

In  the  dredging  list  published  by  this  Association,  the  common  lobster  of 
Europe  is  called  Astacus  gammarus  (L.),  marinus  (Fabr.),  and  Homarus  vid~ 
garis  (M.-Edwards).  But  since  the  descriptions  of  Linnceus  of  Crustacea  are  so 
very  general,  and  the  specific  name  used  by  him  has  been  long  closely  asso(!^i- 
ated  with  that  of  a  very  distinct  genus,  we  think  that  of  Fabricius  (the 
next  in  succession)  should  be  adopted.  Again,  the  generic  name  given  by 
Fabricius,  AstacuSy  although  prior  to  all  others,  yet  included  the  fir^hwater 
genus,  with  which  it  is  so  closely  associated  that  it  would  be  inconvenient 
to  make  an  exchange.  We  therefore  propose,  in  accordance  with  the  rulee 
laid  down  by  this  Association,  to  retain  the  generic  name  of  M.  M.-Edwards 
and  the  specific  name  of  Fabricius,  and  call  it  Homarus  marinus  (Fabr.). 
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We  cannot  tarn  away  from  this  epeoies  without  noticing  the  manner  in 
vluch  tiie  process  of  repair  is  carried  on  in  the  development  of  a  new 
flageUnm  to  the  inferior  pair  of  antenna.  Mr.  Lloyd,  Conservator  of  the 
Xuine  Zoological  Collection  at  Hamburg,  to  whom  the  reporter  is  indebted 
for  the  preparation  from  which  fig.  4  in  Plate  lU.  is  taken,  writes  to  us, 
^The  animal  lost  the  antenna  by  accident,  just  where  the  juncture  with  the 
p«iuDGle  takes  place ;  and  then  the  antenna  began  to  grow  in  a  spiral  case, 
the  spiral  growing  larger  and  increasing  the  number  of  its  turns  as  it  grew 
older,  but  never  getting  hard  or  coloured.  When  the  entire  exuviation  of 
the  lobster  took  place  (in  about  four  months  after  the  antenna  was  broken 
off),  the  antenna  was  drawn  out  of  its  special  case  and  came  forth  straight, 
the  spiral  skin  retaining  its  shape.  Hardening  of  the  antenna  does  not  take 
idace  (or  at  least  it  does  not  appear  hard)  till  after  exuviation ;  and  in  like 
Qanner  the  limbs  of  all  the  lobsters  here  which  renew  their  limbs." 

A  specimen  of  the  genus  Axina  was  taken  by  Mr.  Couch  off  Polperro,  and 
described  by  him  as  new  in  the  *  Zoologist,'  pp.  62-82, 1856 ;  but  we  are  not 
aware  that  it  has  been  since  met  with. 

We  have  taken  what  we  believe  to  be  specimens  of  Crangonfasciatus  and  Cr, 
iivlptus ;  and  a  careful  comparison  of  them  with  the  descriptions  and  figures 
of  Uie  authors  has  failed  to  convince  us  that  they  are  not  more  or  less  spinous 
Tarieties  of  the  same  species ;  and  in  character  they  agree  so  well  with  the 
description  of  Crangon  horeas  (Phipps)  that  it  is  difftcult  to  believe  that  they 
w  not  depauperized  specimens  of  that  large  arctic  species. 

Sereral  specimens  of  Alpheus  ruber  have  been  taken  on  shelly  ground  off 
theDodman,  and  from  the  same  locality  two  other  specimens  of  A,  edwardsii^ 
(Pini,  fig.  2)— which  we  believe  is  the  first  time  that  this  latter  species  has 
W  recorded  as  British.  We  had  them  alive  for  several  days.  Their  colour 
is  a  brilliant  crimson  red.  A,  ruber  being  rather  paler  and  more  banded 
than  A,  edwardsU.  One  peculiar  and  interesting  feature  in  the  structure  of 
this  animal  is  the  alteration  of  the  character  of  that  portion  of  the  carapace 
that  covers  and  protects  the  organs  of  vision ;  this,  which  is  due  not  so  much 
to  the  anterior  development  of  the  carapace  as  it  is  to  the  eyes  having  re- 
ceded beneath  it,  is  so  changed  that,  while  it  offers  protection  to  the  organs 
of  vision,  yet  it  has  become  so  transparent  that  it  is  only  by  close  and  careful 
examination  that,  in  the  living  state,  the  relation  of  the  two  parts  to  each 
other  can  be  distinguished. 

The  next  genus  to  which  we  have  to  allude  la  one  that  is  new  to  our 
fanna.  It  was  first  described  under  the  name  of  Typton  by  Costa,  from 
^ies  taken  at  Naples  as  feu*  back  as  1844  (Annali  dell'  Acad,  degli  Aspir. 
^at.  di  Nap.  ii.),  by  Grube  (£in  Ausflug  nach  Triest  und  dem  Quamero,  pp. 
6o  and  125),  and  in  1856  by  Heller  under  the  name  of  PontoneUa  (Yerhand- 
lungen  des  zool.-bot.  Yereins  in  Wien,  p.  627,  Tafel  ix.  figs.  1-16). 

The  British  species  differs  in  several  points  of  detail  from  the  figure  of  the 
Mediterranean  species  given  byHellerin  his  *  Crustaceen  des  sUdlichenEuropa.' 
We  have  therefore  considered  it  a  distinct  species,  and  have  named  it 

TypUm  spongiosum,  of  which  the  following  is  a  short  description : — 

Gek.  Chab. — Carapace  short  and  deep,  covering  the  entire  pereion.  Pleon  twice 
as  long  as  the  carapace,  with  the  lateral  walls  deep.  Eyes  prominent,  not 
conceded  under  the  carapace,  superior  antenna  having  a  secondary  branch. 
First  pair  of  pereiopoda  equal,  slender,  long,  and  chelate.  Second  pair  large, 
in  general  the  right  much  larger  than  the  left. 

Spec.  Chab. — Carapace  having  a  short,  simple  rostnim.  Eye  longer  than  the 
rostrum.  Anterior  antennae  with  the  secondarv  appendage  longer  than  the 
primary;  posterior  antennae  having  the  Bq[uamiform  plate  of  the  third  joint 
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fimall,  pointed,  and  not  ciliated.  Second  pair  of  peraiopoda  having  the  pto- 
podoa  as  long  and  nearly  as  hroad  as  the  carapace.  iJactylos  of  the  nght 
hand  with  the  cutting  margin  convex  and  simple;  on  the  lefthand  less  convex 
and  cmieated.  Posterior  pair  of  pleopoda  witn  the  posterior  external  angle  of 
the  outer  ramus  dentateOf  the  inner  tooth  heing  the  longest.  Telson  armed 
with  four  lateral  dorsal  spines,  and  tipped  with  a  few  spines  and  hairs. 

Wo  have  taken  several  specimens  of  Nika ;  and  from  their  general  resem- 
blance to  N.  couchii,  while  possessing  the  channelled  telson  of  N.  edtUk,  so 
particularly  pointed  out  by  Bell  as  a  specific  distinctive  test,  we  are  much 
inclined  to  believe  that  there  is  but  a  single  British  species  yet  known, 
and  that  i\r.  couchii  is  but  a  variety  of  If.  eduUs,  Bisso.  An  examination  of 
its  parts  in  detail  has  shown  us  that  the  mandibula  (PL  III.  fig.  3)  is  formed 
on  a  plan  that  nearer  associates  the  genus  with  that  of  Crangon  than  with 
Alpheus,  in  the  family  of  which,  the  latter  being  the  type  (Alpheib^),  Nika 
is  placed  by  M. -Edwards  and  Bell,  while  Dana,  more  correctly  we  think,  has 
placed  it  in  a  subfamily  of  the  Crajxqontdx,  the  Lysuatin^. 

Two  or  three  specimens  of  Athanas  nitescens  have  been  taken  off  Polperro. 
Hippolyte  harleei,  which  was  described  by  us  from  a  Shetland  specimen 
iscveral  years  ago,  must,  we  think,  be  expunged  from  the  list  of  species,  since, 
as  pointed  out  by  the  B«v.  A.  M.  Norman  some  time  since,  it  is  only  an 
accidental  variety  of  IT,  cranchii.  Our  observations  of  the  Stomapoda  have 
been  limited  to  a  few  of  the  commoner  species ;  whether  this  arises  from  the 
species  not  being  abundant  on  our  southern  shores  as  compared  with  those 
on  the  northern,  or  from  accidental  causes,  attributable  to  our  collecting- 
arrangements,  is  yet  to  be  determined. 

Amongst  the  smaller  Crustacea  there  is  little  to  which  we  should  wish  to  draw 
special  attention,  except  that  we  have  recently  taken  what  may  prove  to  be 
an  undescribed  Anthura,  and  to  some  observations  on  the  structure  of  Tanais, 
In  1861  Yan  Beneden  asserted  that  the  proper  place  of  the  genus  Tanais 
was  near  to  that  of  the  family  of  the  Diasti/ltdce,  because  the  cephalon  was 
developed  upon  the  type  of  the  carapace  of  the  Decapoda.  In  1864  this 
opinion  was  followed  by  Dr.  Fritz  Muller,  who  stated  that  though  he  had 
been  unable  to  identify  branchial  appendages,  yet  he  felt  assured  that  it 
possessed  rudimentary  organs,  because  he  had  observed  a  current  of  water 
playing  from  beneath  the  carapace.  Eecently  having  obtained  some  living 
specimens,  we  have  been  able  to  support  Dr.  Fritz  MuUer's  conclusion  relative 
to  the  current  of  water ;  for  by  the  assistance  of  transmitted  light  we  have 
been  able  through  the  walls  of  the  carapace  to  see  the  branchial  appendage 
waving  to  and  fro ;  we  have  since  dissected  out  the  organ,  a  drawing  of 
which  accompanies  this  Report  (Plate  III.  fig.  6,  h), 

EcHiNODERMATA. — Mr.  Couch,  reporting  on  the  Echinodermata,  says : — ^We 
have  taken  Echinus  sphcera,  E.  miliaris,  Echinocyamus  pusUlus,  Spatangus 
2>urpureuSf  Amphidotus  roseuSf  small  examples  of  Palmipes  membranac-eiis, 
Asterias  aurantiacaj  A.  glaciaUs,  Porania  ptdviUea  (by  far  the  most  beautiful, 
in  splendour  and  variety  of  colour,  of  all  our  native  starfishes,  and  also  the 
scarcest ;  the  colours  are  liable  to  variation  in  different  individuals),  Luidia 
fragiltsstma,  Ophiocoma  filiformis. 

There  was  a  time  when  the  flexible  species  of  corals  were  in  abundance  on 
the  rather  hard  and  what  fishermen,  from  its  being  free  from  laige  stones 
and  rocks,  term  clean  ground ;  but  this  for  the  most  part  has  been  swept 
doubly  clean  by  trawling;  and  the  shelter  of  these  corals  and  the  lower 
animals  which  grew  among  them,  which  invited  fish  to  seek  it  for  spawning, 
and  also  afforded  refuge  especially  to  the  young  fish,  is  destroyed,  on  which 
account  very  little  of  these  corals  was  seen.     From  a  fisherman's  hook,  how- 
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ever,  in  rather  shallower  water,  was  obtained  a  large  example  of  the  species 
named,  in  the  Journal  of  the  Zoological  Society,  by  Dr.  J.  £.  Gray,  Rhodo^ 
phyton  eouehiif  the  second  that  has  been  met  widi,  more  fleshy  than  the 
former,  and  now  also  deposited  in  the  British  Museum.  An  incrusting 
Akyofdtan  was  also  found,  which  took  the  form,  in  its  contorted  windings, 
of  the  slender  substance  that  passed  through  and  supported  it.  Added  to 
these,  we  dredged  up  CeUepora  ramtdosa,  and  what  I  believed  to  be  C, 
l(mgata;  but  having  sent  the  specimen  to  our  lamented  friend  the  late 
Joseph  Alder,  he  hesitated  to  decide  regarding  it. 

Spohobs. — The  sponges  were  not  the  least  interesting  of  the  objects  that  we 
have  obtained — and  so  much  the  rather  as  our  observations  on  them  have  had 
the  advantage  of  the  assistance  of  Dr.  Bowerbank,  to  whom  specimens  of  all 
▼ere  submitted  for  his  opinion.  Among  the  sponges  examined  by  Dr. 
Bowerbank,  we  have  to  congratulate  ourselves  on  the  acquisition  of  two 
which  that  naturalist  pronounces  new  to  science  and  the  first  as  such  which 
he  has  seen  since  the  publication  of  his  Treatise  on  this  department  of  Natu- 
ral History  by  the  Bay  Society. 

These  examples,  of  course,  remain  with  Dr.  Bowerbank,  who  has  done 
Mr.  Couch  the  honour  to  name  the  first  of  them  Ifaliehondria  eowhii.  Of 
these  we  annex  the  author's  descriptions. 

^^Halichondria  eoudiii,  Bowerbuik. — Sponge  massive,  compressed,  sessile. 
Boiface  even.  Oscula  simple,  dispersed,  minute.  Pores  inconspicuous. 
Dermal  membrane  pellucid,  spiculous,  reticulated ;  spicula  of  the  rete  same 
as  those  of  the  skeleton ;  tension  specula  acerate,  minute,  and  very  slender, 
few  in  number ;  retentive  spicula  simple  and  contort  bihamate,  minute  and 
Klender,  not  very  numerous.  Skeleton : — Keticulations  regular  and  distinct ; 
lete  rarely  more  than  unispiculous ;  spicula  acerate,  rather  stout.  Intersti- 
tial membranes  pellucid,  spicidous ;  tension  and  retentive  spicula  same  as 
those  of  the  dermal  membrane. 

"  Colour.    Dried,  light  grey. 

"Habitat.   Coast  of  Cornwall,  Mr.  Jonathan  Couch. 

^  Examined  in  the  dried  state." 

The  next  novelty  was  observed  to  bear  a  resemblance  to  the  rare  MierO" 
^iomfietiiia^  but  on  dissection,  with  the  aid  of  a  microscope,  it  also  showed 
itself  to  be  now,  and  it  is  accordingly  named  M.  fraudaicr  ; — 

"  Mierodana  fraudator,  Bowerbank. — Sponge  massive,  sessile,  parasitic  on 
Fuci  or  Zoophytes.  Surface  uneven,  pustulous.  Oscula  simple,  dispersed. 
Pores  inconspicuous.  Dermal  membrane  abundantly  spiculous;  tension 
spicula  same  as  those  of  the  skeleton,  irregularly  fasciculated  or  dispersed ; 
fasciculi  broad  and  flat,  multispiculous ;  retentive  spicula  bidentate,  equi- 
anchorate,  minute,  not  very  numerous.  Skeleton : — Columns  diffuse,  long,  and 
Tery  irregular ;  spicula  fusiformi-acerate,  short  and  stout.  Internal  defen- 
sive spicula  attenuato-acuate,  variable  in  length,  very  numerous,  rather 
stout;  tension  spicula  same  as  those  of  the  skeleton,  intermixed  with  internal 
<i(JeDsive  spicula ;  retentive  spicula  same  as  those  of  the  dermal  membrane. 

"  Colour.    Dried,  brown,  with  a  tint  of  yellow. 

"  Habitat.    Polperro,  Mr.  Jonathan  Couch. 

"  Examined  in  the  dried  state." 

Halichondria  panicea,  a  large  specimen  ;  //.  albescens,  Johnston ;  Hymeni- 
ftcidon  albescens,  Bowerbank ;  II.  slmidanSy  Johnston ;  Isodictya  simulans, 
bowerbank. 

ffalirhondria  suherea, — In  a  ball  of  this  I  found  shut  up,  but  with  an  ori- 
fii^e,  the  crustacean  Pagunis  ciiatiensis ;  and  in  one  or  two  similar  balls  there 
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were  other  hermit  crabs ;  but  in  these  instances  there  was  not  a  shell  on  which 
the  sponge  had  incrusted  itself.  I  can  scarcely  imagine  how  a  shell  can 
have  disappeared  after  having  been  thus  incrusted ;  and  it  is  difficult  also 
to  imagine  how,  without  a  solid  support,  this  sponge  could  have  fonned  itself 
into  a  ball  round  the  crab  (which  had  a  defioed  cavity  within)  as  we  find  it 
to  have  done*. 

H.  inerustans,  covering  the  carapace  and  legs  in  patches^  of  a  speides  of 
spider  crab. 

Hispida  dictyocylindrus,  H.  Bowerbank. — ^There  is  something  remarkable 
Ln  the  circumstances  which  have  attended  the  dredgiug  of  this  species,  and 
which  I  can  explain  only  by  supposing  that  two  species  are  confounded 
together,  which  on  the  oUier  hand  I  am  assured,  on  high  authority,  is  not 
the  case.  Thus,  ia  spaces  or  districts  at  the  depth  of  about  twenty,  and 
again  in  forty  fathoms,  there  came  up  examples  of  this  slender,  branched 
sponge,  measuring,  some  of  them,  a  foot  in  length,  with  the  surface  truly 
hirsute,  and  which  had  been  fixed  to  the  ground  by  a  well-marked  and 
rather  broad  root.  But  at  other  places  and  in  deeper  water,  there  clearly 
had  never  been,  of  any  one  of  the  many  examples  obtained,  an  attachment 
to  the  ground;  and  the  branching  growth  proceeded  from  both  ends,  with  an 
intermediate  space,  not  always  in  the  middle,  of  from  one  to  two  or  three 
inches  in  length,  and  which  appeared  to  be  Uiat  middle  Ime  or  stem  from 
which  the  branches  at  each  end  derived  support,  but  which  had  not  even  a 
slight  mark  of  a  root  or  point  of  attachment.  Secondary  branches  are  at 
least  rare,  if  they  occur  at  all  in  this  (variety) ;  and  its  surface  has  a  much 
finer  grain  than  is  common  on  the  rooted  examples.  Some  of  these  speci- 
mens at  least  appear  to  have  lain  along  the  ground ;  but  in  a  single  instance 
one  of  the  ends  must  have  been  erect,  since  on  it  was  growing,  parallel  with 
it,  a  flexible  coral  and  two  examples  of  PoUicipes  sC'dlpeUum,  In  one  instance 
also  a  fine  specimen  of  Grantia  ciUata  had  become  fixed  on  a  prostrate  branch ; 
and  of  another,  of  small  size,  now  in  the  possession  of  Dr.  Bowerbank, 
with  three  branches  at  each  end  of  a  short  middle  stem,  it  was  the  opinion 
of  that  gentleman  that  two  examples  had  been  brought  into  contact  with 
each  other  and  had  thus  become  united ;  but  on  examination  I  was  not  able 
to  discern  any  such  mark  of  union,  and  of  a  root  or  footstalk  there  was  no 
appearance. 

Other  species  of  sponge  obtained  in  these  dredgings  are  I'^Haltthumdria 
Jleus,  named  by  my  late  friend  Joshua  Alder,  from  sixty  fathoms ;  Demna^ 
eidon  frutieota,  Bowerbank;  Hymeniaddon  virgultoga,  Bowerb.,  near  the 
land  at  Lantwit  Bay ;  Dysidea  fragilis,  Johnston ;  Orantia  con^pressa ; 
O,  fistulo8a,  Johnst, ;  Leueonia  JUttdosOy  Bowerb.;  O.  eUiata;  O.laamofa, 
Johnst. ;  Lewosolmia,  Bowerb.,  in  shallow  water,  on  the  carapace  of  the 
Corwich  crab ;  Amouracium  proliferum  and  A,  Iceve,  from  rocks  in  Lantwit 
Bay. 

Of  a  large  abundance  of  AvKSLins  we  are  not  able  to  ^ve  an  account,  but 
they  have  been  placed  in  safe  hands,  examples  having  been  sent  to  the  Be- 
porter t  and  to  the  British  Museum.  "What  appear  to  be  three  species  of 
ApTirodyte  have  afibrded  me  figures.  Pblynoe  sqHamata,  Ocnus  brunneus,  and 
two  or  three  species  of  Sipvnculus  derive  their  interest  in  our  labours  from  a 
knowledge  of  the  depth  of  water  and  distance  from  land  in  which  they  live. 

*  [The  sponge  is  first  formed  on  the  ebell,  which  is  nflerwords  destroyed  by  the  sponge, 
by  the  same  power  that  enable  sponges  to  bore  into  shells. — Rbfortek.] 

t  The«e  are  sent  to  Br.  Mackintosh  for  examination,  end  will  be  described  in  our  neit 
Beport. 


rC\'^  ^^^'^^i 


1   I     T  I'i- 


UKIVERSITY 


■■I 


tnrt  Hnt  AssK  1807 


PUu  U 


■^f^'iU/tU, 


WW 


pLiieJ];.^ 


^■^ 


ON  THE  EXTINCT  DIDIN^g  BI&D8  OF  THE  MASCABENE  ISLANDS.      287 

^    ,   _.   .   .      ^  Plate  I.    DeTelopment  of  Po^nM. 

Tig.  1.  Rnt  stag©*  *^  ^ 

Fig.  2.  Second  stage.  The  author  giyes  this  with  the  reaerration  atated,  having  taken  it 
iwimming  in  the  open  sea.  o.  Doml  view  of  oephalon.  a.  Ejre.  d.  Bup.  ant 
c.  Inf.  ant.  d.  Mandible,  g.  Posterior  maxiliiped.  h.  First  pair  of  gnathopoda. 
f .  Second  pair.  k.  Pirst  pair  of  pereiopoda.  X  m,  n,  o.  Four  posterior  pairs  of 
pereiopoda.    p^  q,  t.  Pleopoda.    u.  Sixth  nair  of  pleopoda,    z.  Telson. 

Fig.  3.  Third  staige,  representing  the  genus  Glaucoihoe  of  Milne-Edwards  and  Proto- 
pkylax  of  Latreille.  n.  Penultimate  pair  of  p|ereioi>oda.  o.  Ultimate  pair  of 
pereiopoda.  p,  A  pleopod.  u.  Sixth,  or  posterior  pair  of  pleopoda.  z.  Tdson. 
p.  Pleon  of  an  older  specimen. 

Rg.4.  Zm  of  BorceUana  plaiychkes,    z.  Telson. 

Plats  II. 
Elg.  1.  P^lhsama,  Fig.  2.   Zoe  of  Pah'nurus  marinvs, 

Plate  HI. 
I^».  1.  T^ton  spongiosum^  new  species.    References  as  abore. 
Fitr.  2.  Alpheu9  edtoardnu  Fig.  3.  Nika  eduUa, 

%  4.  Homarus  marinus.    Derelopment  of  fla^llum  to  lower  antenna. 
%  5.  Tanais,    h.  First  pair  of  gnathopoda,  with  branchial  appendage  attached. 


Suj^lement  to  a  Report  on  the  Extinct  Didine  Birds  of  the  Mascarene 
Islands.  By  Alfred  Newton,  M.A.,  F.L,8.,  Professor  of2!oohgy 
m  the  University  of  Cambridge. 

h  1865,  at  Birmingham,  a  Committee  was  appointed  to  assist  the  author's 
Mother,  Mr.  Edward  Newton,  Auditor  General  of  Mauritius,  in  his  researches 
into  the  Didine  Birds  of  the  Mascarene  Islands.  Last  year,  at  Nottingham, 
tie  Committee  reported ;  but  their  B.eport,  printed  in  the  Annual  Volume  of 
4e  Association  for  1866  (p.  401),  was  in  one  respect  very  unsatisfactory ;  it 
^  only  speak  of  promise,  not  of  performance.  Indeed  almost  the  solo 
feat  it  could  recount  was  the  haying  drawn  the  money  granted.  The  powers 
of  the  Committee,  however,  being  now  ended,  the  only  thing  left  was  to  show 
tluit  they  had  been  properly  applied,  and  this  was  best  done  by  exhibiting  a 
selection  from  the  large  series  of  bones  of  the  Didine  Birds  of  the  islana  of 
Bodrigaez,  which  had  been  collected  by  labourers  sent  expressly  to  that  island 
ty  Mr.  Edward  Newton  in  the  autumn  of  1866,  as  stated  in  the  Report  of 
the  Committee.  It  had  been  formerly  shown  by  the  late  lamented  Hugh 
Edwin  Strickland  (The  Dodo  and  its  Kindred,  p.  46)  that  this  bird,  PezophapB 
^iiana  (Gmel.),  was  Didine  in  its  affinities,  though  generically  separable 
^m  ^e  true  Dodo,  Didus  ineptus,  linn.  This  conclusion,  though  originally 
^imred  at  on  very  slight  evidence,  was  now  shown  to  be  completely  correct, 
^d  the  establishment  of  the  genus  Pezophaps  is  proved  to  have  been  fully 
jiistified  by  the  examination  of  the  almost  complete  series  of  bones  obtained 
^y  Mr.  Edward  Newton.  On  some  of  the  peculiarities  presented  by  these 
^^nes  the  author  dwelt  slightly,  but  in  particular  on  an  unexpected  conftrma- 
tiott  of  the  evidence  of  Legiiat,  by  the  discovery  of  an  extraordinary  bony 
bob  near  the  extremity  of  the  wing.  Leguat,  whose  accountt  of  the  habits 
of  the  Solitaire  was  the  only  one  we  possessed,  mentioned  that  **  Tos  de 
Tailcron  grossit  ^  I'extr^mite,  et  forme  sous  la  plume  une  petite  masse  ronde 
wmme  une  balle  do  mousquet."  Now  the  existence  of  this  "  masse  ronde  " 
vas  proved  by  the  bony  knobs  attached  to  several  metacarpal  bones  exhibited ; 
^d  thus  the  veracity  of  Leguat  was  established  on  this  point,  as  it  had  been 
on  so  many  others.  In  conclusion,  the  author  stated  that  at  present  we  know 
Httle  more  of  tho  Didine  Bird  of  the  Island  of  Eeunion  than  that  it  was  nearly 
^lute.    In  the  course  of  last  year  Mr.  Tegetmeier  had  shown  him  an  old 

*  This  was  taken  lo  young  from  the  oTum  that  the  reporter  is  not  certain  whether  the 
long  projecting  rostrum  is  a  feature  or  not,  as  at  this  period  it  is  ffeneraUv  folded  under. 
t  Voynge  et  Arantares  de  Francois  Leguat,  &e.  (Londures :  1708.  2  yoIs.  Izmo),  vol.  i.  p.  96* 
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water-colour  painting  of  a  nearly  white  Dodo,  which  he  was  inclined  to 
belieye  might  represent  this  lost  spedes ;  but  he  trusted  that  the  ^French 
naturalists  in  that  island  would  succeed  in  obtaining  actual  relics  of  it. 


Report  on  Observations  of  Luminous  Meteors,  1866-67,  By  a  Committee, 
consisting  of  James  Glaisher^  F,R,S.,  of  the  Royal  Observatory, 
Greenwich,  President  of  the  Royal  Microscopical  and  MeteorolO' 
yical  Societies,  Robert  P.  Greg,  F.G.S.,  E.  W.  Brayley,  F.R.S., 
Alexander  8.  JlEKsciiEjj,F,R.A.S.,and  Charles  Bbx>oke,F.R.S,, 
Secretary  to  the  Meteorological  Society. 

The  object  of  collecting  observations  of  Luminous  Meteors  to  serve  as  a  basis 
of  reference  for  calculations,  and  pointing  out  whatever  conclusions  may  be 
drawn  from  them,  is  kept  in  view  by  the  Committee,  in  presenting  with  this 
Beport  a  continuation  of  the  Catalogue  of  former  years. 

The  apparent  places  of  the  meteors  are  given  either  (mostconvenientlv)  by 
their  right  ascensions  (a)  and  declinations  (S,  +  north,  and  —  south),  by  the 
well-known  method  of  their  alHneations  with  certain  neighbouring  stars,  or 
(in  some  cases  of,  generally  speaking,  less  accurate  approximations)  by  their 
apparent  azimuths  and  altitudes  with  respect  to  the  visible  horizon. 

A  large  proportion  of  the  descriptions  contained  in  the  present  Catalogue 
refer  to  great  meteors  recorded  on  the  morning  of  the  14th  of  November, 
1866.  A  long  list  of  meteors  of  a  less  striking  description  than  those  se- 
lected for  entry  in  the  Catalogue,  noted  on  the  same  morning,  was  received 
by  the  Committee  from  observers,  whose  reports  on  the  particular  phenomena 
of  the  shower  are  noticed,  with  more  or  less  detail,  in  the  fourth  Appendix 
of  the  Catalogue. 

The  greatest  multitude  of  the  meteors  on  the  morning  of  the  14th  of  No- 
vember made  their  appearance  exactly  during  the  hour  from  one  to  two 
o'clock  A.M.,  which  was  the  hour  appointed  beforehand  by  the  Committee, 
with  a  view  to  secure  the  cooperation  of  observers,  for  making  simultaneous 
pbservations  of  the  shower. 

One  meteor  during  the  hour  was  simultaneously  recorded  at  Sidmouth,  at 
.  Cardiff,  and  at  Stretton,  Hereford ;  and  the  lengUi  of  the  terminal  portion  of 
its  phosphorescent  streak,  which  remained  visible  for  ten  minutes,  was  found 
to  be  eighteen  miles  (Appendix  I.). 

The  heights  of  three  other  meteors  of  the  November  shower  were  satisfac- 
torily found.  One,  which  left  a  remarkably  persistent  luminous  streak  over 
the  town  of  Dundee,  was  from  51  to  57  miles  above  the  earth's  surface. 

One  meteor  also,  on  the  10th  of  August  last,  was  simultaneously  observed 
at  London  and  at  Birmingham.  This  disappeared  at  a  height  of  76  miles 
above  the  neighbourhood  of  Bristol. 

The  supposed  region  of  the  true  radiant-point  of  many  of  the  individual 
meteors  in  the  Catalogue  is  indicated  by  the  observers.  Excellent  means 
are  thus  afforded  for  distinguishing  the  obvious  peculiarities  of  light  and 
motion  which  characteri2e  meteors  from  particular  radiant-points.  To  assist 
observers  in  this  inquiry,  all  the  observations  hitherto  entered  in  the  Cata- 
logue are  mapped  on  a  series  of  charts,  the  first  four  maps  of  which  series 
are  now  lithographed,  and  25  impressions  are  presented  to  the  British  Asso- 
ciation with  this  Report. 

The  position  of  each  radiant-point  amongst  the  constellations  is  conspi- 
cuously entered  upon  the  maps,  with  its  annual  dates  of  maximum;  and  dura* 
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tioD;  and  upon  the  same  chart  the  meteor-tracks  proceeding  from  the  parti- 
cular radiant-point  are  denoted  by  such  plain  signs  as  to  indicate  directly 
the  particular  radiant-point  with  which  they  are  connected. 

In  the  case  of  the  best-established  star-showers,  the  meteor-tracks  engrayed 
upon  the  maps  will  generally  be  found  to  tell  beforehand  the  course  which 
meteors  appearing  at  any  part  of  the  sky  from  one  of  those  radiant-points 
Till  pursue  across  the  sky,  like  wires  stretched  for  the  meteors  to  run  upon 
(to  use  the  words  of  one  observer  of  the  November  shower  last  year). 

In  other  cases,  where  the  position  of  the  radiant-point  is  not  yet  so  well 
^bMied,  its  pnnted  place  must  be  regarded  as  provisional  and  as  requiring 
hnker  confirmation  by  observations  to  decide  its  real  place.  A  copy  of  one 
i  the  first  four  maps  exhibited,  showing  the  radiant-point  of  the  November 
aA6or9,  as  observed  at  the  Boyal  Observatory,  Greenwich,  will  be  found  in 
^fourth  Appendix  of  the  Catalogue.  The  three  other  plates  refer  to  the 
-^al  radiant-points  in  January,  August,  and  October.  The  whole  series 
^  be  in  readiness  to  distribute  to  observers  this  year  before  the  reap- 
P^uance,  as  anticipated,  of  the  great  star-shower  on  the  morning  of  the 
14th  of  November  next. 

If  the  space  of  the  CSommittee  has  been  taxed  to  secure  insertion  in  the 
C>italogae  for  the  multitudinous  observations  of  meteors  of  the  14th  of  No- 
vember last*,  it  is  much  more  difficult  to  represent  adequately  more  than 
trenty  Fiench,  and  about  as  many  German  descriptions  of  a  large  detonating 
^ball  seen  by  daylight  in  the  north  of  France  on  the  11th  of  June  last, 
^ch  the  Committee  hftve  received.  The  luminous  streak  left  by  the  meteor 
v^Tisible^  at  many  places,  for  more  than  an  hour  after  the  first  appearance 
^(  the  meteor,  and  exhibited  unusual  contortions.  Its  occurrence  very  near 
the  dite  of  the  9th  of  June,  marked  last  year  by  the  prodigious  stonefall  of 
iQjahinya,  and  in  the  present  year  by  the  fall  of  three  aerolites  atTadjera, 
in  Algeria,  is  pointed  out,  in  Appendix  II.  and  UI.,  as  probably  connecting 
^  three  extraordinary  occurrences  together  in  a  single  aerolitic  period. 

At  the  end  of  the  Eeport  is  placed  an  addition  to  the  Catalogue  of  large 
^teors  and  aerolites,  by  Mr.  B.  P.  Greg,  in  continuation  of  that  printed  in 
tie  Tolume  of  Beports  for  the  year  1860 ;  supplying  the  omissions,  and 
°^^  up  the  date  of  that  Catalogue  to  the  present  time.  It  will,  it  is 
*^e^  be  found  a  perfect  repertory  of  this  kind  of  meteoric  occurrences, 
^the  possession  of  which  the  British  Association  will  congratulate  itself. 

Abstracts  of  a  number  of  important  papers  on  the  subject  of  shower- 
^^teors  are  deferred  until  a  time  when  the  maximum  display  of  the  Novem- 
ber star-shower  wiU  probably  have  been  observed  in  America  in  November, 
1867,  and  the  spectacle,  in  that  case,  will  probably  give  rise  to  a  new  discussion 
^athe  subjects  of  which  they  treat.  Some  recent  papers  by  M.  Daubree,  on 
^fi  synthesis  and  classification  of  meteorites,  will  also  then  be  reviewed. 

Approaching  hours  of  daylight  vrill  probably  deprive  observers  in  the 
^ntaah  Isles  of  all  participation  in  the  specially  interesting  display  of  the 
November  meteors  in  the  current  year,  although  the  stage  of  the  gradual 
^^mencement  of  the  shower  will  be  better  observed  in  England  tiian  in 
^erica.  It  was  thus  that  the  August  meteors,  this  year,  were  nearly  in- 
^ble,  from  the  hours  of  daylight  appearing  in  England ;  but  according  to  an 
^erican  account  contained  in  Appendix  IV.,  they  were  visible  there  "  in 
J^ntless  numbers  "  soon  after  midnight^  on  the  night  of  the  10th  of  August 


I    ^  Qfeenwich  observationfl  of  meidora'which  hitherto  hare  appeared  in  these  Cata-* 
I'^Spes,  will  in  future  be  printed  in  the  volumes  of  the  Greenwich  Magnetical  and  Meteoro-^ 
?J^  Obswmtions  for  their  respective  years. 
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Date. 

Hour, 

Place  of 
ObservMion. 

Apparent  Stxc 

Colinu. 

DtmtkM. 

1857. 
lune  1 

h  m 

9  15  p.ro 

loMltime 

llobart  Town, 
Van  Ditmen'. 
Land. 

Twice  as  bright  a> 
JupiWr. 

Red  colour  ... 

About  Steo.- 

i 

Sept.22 

1S58. 
Apr.  24 

itecondt    .. 

4 

local  time 

8  10  p.m, 
loMltime. 

of  Duwa)  lO'di- 

Mrter,WBUde- 

ftd«  whit^ 

1  Mcondi 

3 

r 

M.,21 

5    5  p.m. 
100*1  ^e. 

Equal  Man  in  in- 
tnuitr.     Adiik 
about  onft-tenth 
dUmeter  of  tbc 

Palenl^te  ,., 

|1M 

Sept.  3 

1S6Z. 
Apr.25 

1B64. 

4  10  f.ip. 
lootltime. 

8  aO  p.|u 
KK^ldme, 

10  16  p.m 

inoon. 

-W. .:,..,,, 

ffhit«  ,„„.,.. 

^fMoiida    .. 

Ml 

£ 

m.: ...■ 

Boiton,  Hui., 
U.S.A. 

15'. 

Lyne  ippcRn  in 
.telem^Iow 
power. 

ail 

\ 

1855. 
JonelO 

11  48  p-m. 

We»U)n.iiip«r. 

"Ulmag.*..,....,. 

Whit* ,. 

1  teoond  ...... 

ts 

10 

11  ii  f.m 

IliW, 

-V -....., 

WWtfl  ,.„ 

I  wewMl  .^..- 

fS 

IB 
19 
21 

I  17  wn. 
11  30  p.111. 

10  bs  p.111. 

Ibid 

-Ittmag.*..., 

— 3rdmag.»  

Briih.aT    than    a 
littnig;.* 

¥«llow    

l  aeoond 

FW.1" 

[bid 

1  MOODd  
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lUJMroOUS  METEOES. 


p8«:Tnin,ifany, 


^  .-.. 


Length  of 
Path. 


Stationary 

0fc(}6Ct, 


Direction;  noting  alto 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


KemaricB. 


»f»« 


nUngth,. 


I 


^..'rf  yellowish 


Nhaj'i 


N^t* 


J,^  train  of 
5!^muintea, 

i\.^  from  1° 
lit,"  ^Wieter. 
jwi,*  ttme  tp- 
i^imfm  itielf 

•  «•  ^«8t  of 


f: 


k 


L^^'    bnt 
\?^M8  left 

L^^"  long 
•  to  d 


•H.„ 


•"«, 


'•VI 


".. 


k... 


•t«t**fl«lt«*ttt 


60< 


ttl*Mff  •••!«?<  t  II  M|«««««««** 


Obsenrer. 


TrMn  not  yWUCi  Im- 
capse  ol  the  com- 
mencement pf  twi- 
light perhaps. 

Seen  by  seTcral  pertoni 


The  meteor  gave  a  bril- 
liant illuminationi 
much  more  incandes- 
cent than  that  pro- 
duced by  the  full 
moon. 


Seen  also  at  Hartford, 
100  miles  S.W.  from 
Boston. 


Sky  dear ;  full  moon ,,. 


Principal  Radiant  during 
this  month,  W. 


Twenty  •  tve 
years'  Meteo- 
rological Ob- 
servations at 
HobartTown,' 
F.  Abbott, 
p.  13. 
Id.|  p.  1*4. 


Id.|  p.  16. 


Id. 


Id.,  ^  17, 
Id. 


James  Gardner, 
Am.  Joni*.  Sci., 
2nd  Ser,,  vol. 
xxviii.  p.  295. 


W.  H.  Wood. 

Id. 
Id. 
Id. 

Id. 
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REPORT — 1867. 


Date. 


1865. 
Jnne21 


21 
2] 
22 


22 

26 

27 

28 

1866. 
Feb.   2 


Mar.l3 


May  14 
July  22 


22 


Aag.  6 


Sept24 


Hour. 


h  m 

11    0  p.m, 

11  0  p.m. 

12  0  pjn. 
0  45  a.m. 


11    0  p.m. 

11  30  p.m. 
0  40  a.m. 

12  0  p.m. 

10  50  p.m. 
10  39  p.m. 


9  55  p.m. 
11  11  p.m. 


U  40  p.m. 


9  15  p.m. 


10tollp.iii. 


Place  of 
Obsenratioo. 


Weston  -  super 
Mare. 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

West  Peckbam, 
Maidstone. 

Hawkbnrst 
(Kent). 


Manchester 

Hawkhurst 

(Kent). 


Ibid 


1' v.U  ••.....•■•*•.•. 


Birmingham 


Apparent  Size. 


sSrdmag.tt   ..... 

— 3rdmag.«   »..., 

«2ndmag.*  ..... 

Brighter    than    a 
1st  mag.* 

**l8tmag.« 

alstmag.* 

=  lstmag.» 

■■2nd mag.*  ..... 

Very  brilliant  me- 
teor. 

«lst  mag.4r,  then 
s  2nd  mag.* 


=»limag.*.. 
s2nd  mag.* 


>2nd  mag.tt 


3rd  mag.* 


Colour. 


Blue 

Blue 
Blue 
White 


White 
White 
White 
Blue 


Bluish,  chan- 
ging to  red. 


White,  then 
red. 


Bright  white.. 
White 


TcUow 


White 


Duraiion. 


0*5  second 


0*5  second  ... 

Fna! 

to 
Froal 

to 
Fna  I 

to 

0-25  second ..'.  Fnn] 
ti 


0*5  second  ... 
0*75  second ... 


Scarcely  a  sec. 


0*75  second ...  Fm 

to 

1  second Fknii 

to 
Fnei 

0 

FroB 
About' 


2*5  aeconds ... 


Proffl 
tki 
to: 


H 


i  second Close 

1*5  sec ;  ▼erylPnffl 
swift.         I   H 


1-3 sec;  mo- 
derate speed. 


0*5  second  *.. 


From/] 

(7 


FromrOl 
Dncod 
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aoditsDontion. 


]A  IS  iiRgnlar  phos- 
^soeeDt  patch  about 
>  U'  loneter  neir  the 
\  ostn  of  iti  path,  which 
'-'BiiBednsibleS  or  4 


feiith  yeiy  greatly  Almost  sta- 
•"f^wd  brilliancy,  but     tionary. 
'^^  ay  fragmenU, 

«jl«  int  m  (a.  b) 
«  ite  cane,  bright 
^m.  Then  dimi- 
■•H  and  changed 
*  red,  drawing  a 
^«  of  red  sparksv 
ti  disappearing  with 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks, 


i^eak  on  its  whole 
^  for  H  second. 

PU»  tnia  or  sparks. 
Appeared  gradually. 


30* 


15* 


Observer. 


W.  H.  Wood. 


Id. 


Id. 
Id. 


Rather  ascending,  and 
then  slightly  filing. 


Directed  from  Polaris.. 
Directed  from  Perseus. 


Last  half  of  course  de- 
cidedly serpentine. 


f^  or  sparks 


View  in  the  south-east 
direction  uninter- 
rupted ;  no  sound 
heard. 

Two  meteors  seen  in 
20  minutes :  clear 
sky;  no  moon;  one 
observer. 


Id. 
Id. 
Id. 
Id. 


Ernest  Jones. 


A.  S  Herschel. 


Seven  meteors  in  one 
hour  :  clear  sky  ; 
no  moon;  one  ob- 
server. 


R.  P.  Greg. 
A.  S.  HerscheU 


Id. 


Six    meteors    seen    in 
45  minutes:    beauti 
fully   clear  sky;  no 
moon ;       one      ob- 
server. 

Clear  fine  night.  In 
one  hour  no  me- 
teors seen.  On  the 
nights  of  the  25th 
and  26th  sky  over 
cast. 


Id. 


W.  H.  Wood. 
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BEPOET — 1867. 


Date. 


1866. 
Oct.  14 


14 


15 


16 


19 


21 


24 


Hour. 


h    m 

7  28  p.m» 

9    3  p.m 


6  34  p.m. 


8  58  p.iu. 


Aboiit3a.m. 


8  25  p.m. 
(local.time)* 


4  40  p.in. 


28    7  50  p.in. 
28   7  54  p.m. 


Place  of 
01)8ervatioQ. 


rtMl^^B^M 


Apparent  Size. 


West  Hendon, 
Sunderland. 


Ibid 


Hawkhurrt 
(Kent). 


At  seai   on  the 
passage    be- 
tween   Dover 
and  Holyhead. 


Hoboken,  New 
Jersey,  U.  S.  A. 


The  Curragh, 
Kildare, 
Ireland. 


York 
Ibid. 


=2nd  mag.» 


=s2nd  mag.» 


Colour. 


Yallow 


=Sirius 


!2nd  mag.« 


5'  or  6' in  diameter. 
Most  brilliant. 


Large  fireball 


Much  brighter  than 
the  planets. 


Orange  colour 


Duration. 


Moved  slowly 


Rapid 


YcUow 


»*!(•• 


Violet,    ap. 
preaching  to 
scarlet. 


Moved  alowly 


1  aecdnd  •««•.. 


Positic 

Altitud 

Azim 


From  D6 
2°  belo 
gasi. 

Disappean 
point  ab 
180°,  )= 


Went    be 

cloud  ai 
precediBi 
Otis. 
Fi'oni  r  Cc] 
Draconis 


AppesredaJ 
tudeofal 


Bright  green. 


=  3rd  mag.»   Yellow 

'lstroag.# Yellow 


From     nei| 
zenith;   | 
towsrds 
S.W.; 
pesrifig 
Jersey  citj 


Pell  slowly  ... 


\  second 
i  second 


From  sboat 

835^N.W 

to  Bbout 

358S  S.  DJ 

Rougli  pw 

from  a  ^^ 

jfenr  *  ^^ 
joris.     ^ 

Prom  0  Cyi^ 
Equulcus. 
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S9S 


Ivffice 


;  Train,  if  anj, 
eiitiDontion. 


-awri 


— ..«..*„:. 


*iii 


'^Mtr  tbe  middle 


* » tnin  fur  five 
5?  ^  *he  watch, 
:^  changed  its  form 
f  J  straight  ]ine 
•*3  straight  lines, 
«fa«aaobtaic  angle 


Length  of 
Path. 


^nwmed  its 
^  wtJUnear  ap- 
^  Spatkawcie 
P2f  forwird  by 
X?«f  towards  the 
^  where  it  dia- 

r  J»«t  noise  into 
•j^nd  brilliant 
!*«  fr^ttents,  leaT- 

5»^uW  8reeii 
Sk5?»».  like  the 
^^etato  a  per. 


i.^^;^  "Sbted 


(A 


aa**  id  the  left  of  ptr- 
pendicular;  down. 


About  40' 


, 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


HariBontally  to  ihtf  right 


From  S.  to  N. 


Remarlcs* 


T.WiBickhome. 


Id. 


Two  meteors  seen  in 
forty-five  minutes : 
dear  sky ;  quarter- 
moon. 

Sufficiently  brilliant  to 
illuminate  the  whble 
vessel.  The  attention 
of  all  on  board  of  the 
steamer  was  drawn  to 


/ 


if 


Horizon. 


Observer. 


Id. 


A.  S.  Henchel. 


J.  S.  Davies. 

Communicated 

byA.S.Herschel. 


A  curious  circumstance 
was  its  stationary 
appearance  at  first, 
and  its  rapidly  in- 
creasing velocity 
afterwtfds ;  the 
brilliant  emerald 
colour  of  the  me- 
teor, and  of  the  frag- 
ments. 

Seen  in  twilight;   two 
stars  only  visible. 


Ernest  Tnmer, 

*  Scientific 

American,' 

Nov.  17th. 


Communicated 
byA.S.HerBchel 


J.  E.  Clark. 
S.  Thomson. 
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Date. 


1866. 
Oct.  28 


28 

28 


30 
31 


Nov.  1 


Hour. 


h  m 

7  58  p.m. 


8    1  p.m. 
8    6  p.m. 

10  29  p.m. 


Place  of 
ObsenratioiL 


Ibid 

Ibid 
Ibid 


Wett  Ilendon, 
Sunderland. 
10  30  p.m.  Chesbam(Backs)  Telescopic 


Apparent  Size. 


»litmag.». 

» Ist  mag.». 
B  2(  mag.» . 


=3rd  mag.* 


8  40  p.m. 


6  58  p.m. 


10  16  p.m. 


5  55  p.m. 


6  30  p.m. 


6  59  p.m. 


West  Hendon, 
Sunderland. 

Primrose  Hill ... 


=2nd  mag.* 


■  4tb  mag.*,  then 
twice  as  bright 
as  V. 


Ibid 


Ewhurst 
(Sussex). 


York 


Wimbledon 
(Surrey). 


Twice  aa  bright  as 
2^. 


About  three  times 
as  bright  as  Ve 
nus. 


Colour. 


TeUow 

Yellow 
YeUow 


Orange  colour 
Very  red .... 


Yellow     ...., 
Vivid  blue  ... 


Blue 


3rd  mag.* 


Apparent  diameter 
and     brightness 


Yellow 


Duration. 


i  second 

j  second 
i  second 


Position 

Altitude 

Azimm 


Momentary ... 


F^om  clusi 
PerKos  i 
Nebula  1 
dromedi. 

From  ^  All] 
Pldadei. 

From  yCas 
to  X  Pen* 

Disappetred 
30  Aquui 

Crossed  the 
des  west 
cyone. 

X 


n: 


2  seconds. 


7  or  8  seconds, 
motion  un< 
usually  slow. 


Disappeared 

•=220^ 
50*. 

From  6J'+ 
to    185  + 


Began  ¥  ^^  ^ 
«Aiietifi< 


From  near 

to  Ursi  1 

dlsappeiri^ 

nesth  fi  ^ 

eoostell»ti( 

[Position ' 
^=-28".! 


4  second 


From  X  P^ 

ADdromm 


3   seconds  in  From 
half  its  path. 
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tkppaniioe;  Train*  if  any, 
iBditsDmvtion. 


Length  of 
Path. 


23' 


24* 
17* 


i^  BO  train 


I 


Jjdk  a  long  scarlet 
I  streak  on  its  whole 
'  eoone  for  5  seconds, 
'  which  became  sepa- 
Qted  from  ^e  nucleus 
•  jett  before  final  disap 


Ended    with    a    brilliant 

&du     Left  a  train  on 

tbs  whole     length    of 

ia  ^th,   which  faded 


AciB  ita  slow  motion, 
'  the  eye  could  easily 
lee  a  process  of  com- 
bustion like  that  of 
ij^iiifr  il  iron  wire  in  a 
oeariy  exhausted  vessel 
of  oxygen  gas. 


40**  or  more 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


From  y  Leenis 


Directed  from  e  Pegasi 


Remarks. 


Four  or  five  other  me 
teors  seen  with  ^e 
above. 

•••••••• •••••«•  ■•••■••■•■«»•■• 

Darted  across  the  field 
of  view  of  the  tele- 
scope like  a  red  star 
of  the  5th  magnitude; 
very  slightly  woolly 
at  Uie  edges. 


20**  to  the  left  of  per- 
pendicular, down. 

Rrom  Radiant,  I  PerseL. 


10* 


Directed  from  Aldeba- 
ran. 


Observer. 


J.  E.  Clark. 

Id. 
Id. 

T.W.  Backhouse. 
C.  Grover 


The  nucleus  threw  off  a 
few  sparks,  and  be- 
came quite  detached 
from  the  train. 


T.W.  Backhouse. 


T.  Crumplen. 


Imperfect  view 


iSeparated      just     before 
I    vanishing   into   several 
heads. 


14< 


Stars  faintly  visible. 
Hazy  vapour  in  the 
sky.  There  was  no 
continuous  train,  but 
sparks  were  thrown 
G^  which  died  away 
immediately.  Its 

more  vivid  phases 
are  represented  in  the 
sketch. 


Id. 


H.  P.  Harrison. 


No  detonation  audible... 


J.  E.  CUirk. 


F.  C.  Penrose. 
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M^oftt— 186?. 


Date; 


1866. 
Not.  .6 


7 

7 
8 

8 

9 


9 
9 


9 
9 


9 


t!our. 


h  m 

11  30  p.mi 

11  40  p.m. 


Place  of 
Observation. 


Apparent  Siaai 


Evening  i** 


6    2  p.ni. 

8  30  p«in. 

8  68  p.m. 

9  16  p.m. 

3  41  a.iB. 

5    5  a.m. 


5    8  a.m. 
5  45  a.m. 


7  45  p.m. 

8  5  p.m. 
8  14  p.m 


8  40  p.m. 


Wisbeaeli  (Cafii< 

bridgeshire). 

Ibid 


Oartbagenii^ 
Cdlutnbltf; 
U<  S.  As 


York. 


Ibid 


West  Hendoo, 
Sunderland. 
Ibid 


Ibid  ...i;iiii..*.i. 


Glasgow 


Primrose  Hill 
(London). 

GlasgtfW li. 


Brightertlianyeiilis 

NeaHy  as  bright  as 
Venus. 


dolour. 


Briglit  bloe 
Blue    


Like  a  ship's  red 
li^ht,  as  seen  at 
a  distance  of  200 
vards. 


slitmag.*. 


-oSMmag.* 
=s8rd  itta({.» 
=2nd  mag.tt 

=21id  mag.tt 
=  t 


I^nrhtion. 


t -_ 


About  10 


1^ 

.iFTBD    I 

Throogk 
Taid 


Red 


Bright  orange 
YeUow     


Floated  away 
steftdOj  for 
3  minutes. 


fJ 


I  second 

i  second 
Rapid  ... 


Orange  yellow 


York 
Ibid. 


.'I 


.West  Hcndon, 
Snnderland. 


Che«ham(Bncki) 


Twice  as  bright  as  Pale  blue 
Capelia. 


s3rd  mag.* 


:2nd  mag.* 
:2nd  mag.tt 
:  1st  mag.» 


Far  surpassed  Ve- 
nus at  her  bright- 
est. 


White 


Yellow 


2*2  seebttdft... 


Swift  faiotion.. 
0*4seeoiia  .*• 


FWnmJi 

Ni.il 
Passed  d 

Ceti. 
Disipp^ 

*=!;] 

51'. 
Psssd 

I^ 
Fhjafl 

joris. 


k 


I  second From  f 


i  second 


Bloish  white... 


from  '^^ 
Pliii^ 
iPssscd  M 


2or3sfccondsri!«t  >ff^ 

there  ^ 
wot  ot  \ 
conis. 
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fpe^fanee;  Train,  if  any, 
andhtDaration. 


WartL  tad  fdl  ill  sparks 

like  fiqnid  drops. 
T^  train  brightened  up 

mi  laa  b^k  in   this 


Length  of 
Path. 


FuUy  to' 


•  vyoiog  aa  it  short- 
iatd,  and  remaining 
5?Tcril  seconds. 

i&c  1  paiachflte  «  light 
tfiiivn     off     from     a 
ntket.  Disappeared  be 
kialh»iiiea« 


GndnaQy  increaaefl   and 

'  tbea    gndoally    dlmi- 

oitiied    in    brightness. 

'   Uft  a  streak  for  two 


^   a    niddy    orange- 
0)feared  train  for  ten 
seconds. 
.^t  a  streak  for  2  seconds 


•I*. til 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  oif 

Inclined. 


>ii..«ii..{a. 


Deaeending  towards  the 
N.W.  by  W. 


Directed  from  i  (Pleia- 
des, 41  Arietis). 

Directed  from  p  Dr»- 
eoids. 

Directed  from  y  Leonis 


Directed  from  Tanms... 


From  Itadiant,  near  y 
Leonis. 


Directed  from  Leo 


tti;*i, 


Remarks^ 


Clekr  sky 


The  sky  was  elotidy 
and  the  night  dark, 
but  the  light  could 
riot  have  bid  kny 
artificial  origin. 


il.<«lll(UII), 


Three  smaller  meters 
this  night. 

Niile  meteors  seen  in 
one  boor;  two  of 
them  from  Leo.  A 
fourth  part  of  the 
sky  clear  ;  no  mobn ; 
one  observer. 


Bright       double      au 
roral      arch      over 
north-west    hbrteon 
on     the     previous 
evening. 


Observer^ 


S.H.MiUer. 
Id. 


A.  De  G.  de  Fon- 
blanque,  'The 
Times/  Jan.  2, 
U67. 


S.  Thomson. 


Id. 

T.W.  Backhouse. 

Id. 


Id. 


A.  S.  HetBcheL 


T.  Crumplen. 


A.  S.  HerscheL 


Uft  no  train.   It  increased  15° 
in  ftize  and  brightness, 
and  vanished  suddenly 

I  without  bursting. 


Fell  straight  downwards  It  pailsed  three  tihies 

in  its  descebt.  Lit 
up  the  sky  with  daz- 
aling  brightness. 


J.  B.  Clark. 

Id. 

T.W.  Backhouse. 


C.  Grover, 
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REPORT — 1867. 


Date. 


1866. 
Not.  9 


9 


10 


10 


11 


12 


12 


12 


12 


12 


12 

12 


Hour, 


h  m 
10  15  p.m. 


11  26  p.m. 


5  10  a.m. 


5  35  &.in. 


5  46  p.m. 


2    4  ft.iD. 


2  14  a.m. 


3    2  a.in. 


3    5  t.m. 


5  20  a.m. 


10  25  p.m. 

11  16  p.iD. 


Place  of 
Obtenration. 


West  Hendon, 
Sunderland. 


Primrose  Hill, 
l4ondon. 


Glasgow 


Ibid 


West  Hendon, 
Sunderland. 


Primrose  Hill, 
London. 


Ibid 


Glasgow 


Ibid 


Ibid 


West  Hendon, 
Sunderland. 

Observatory, 
Aberdeen. 


Apparent  Size. 


At  first  small  and 
fisint,  gradually 
increasing  ta  a 
1st  mag.» 


Three     times     as 
bright  as  ACygni. 


=2nd  mag.* 


=2nd  mag.* 


=2nd  mag.* 


=2nd  mag.* 


=lst  mag.* 


=2ndmag.« 


=  1st  mag.*. 


=3rd  mag.* 


=2nd  mag.* 
=3rd  mag.* 


Colour. 


Deep  yellow.. 


Pale  orange 
colour. 


White 


White 


Pale  blue 


ViYid  blue  .. 


White  . 
Yellow 


Orange  yellow 


Dontion. 


^ 


Batiierdow. 


•4 


1**! 


Uns 


1  second 


1  second  .... 


a 


0*7  second 


CestRJ 

Trm\ 
ta 


0*5  second  ..-i^'"*! 
to 


0*7  second  •>• 


I'lSSl 


0*9  second  ...ftwBV* 
1'5  second  ...Fro«** 


Keir 


l(f 
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;  Tnin,  if  any, 
its  Duration. 


rev  ft  tipertBg  red  tail, 
TorS*  long,  Tanishing 
mtk  the  head. 


ru 

1 


luf  rounded  by 
nebalooi  haze. 
TtBM  off  many  sparks. 


Length  of 
Path. 


icT  Hdena:     left  no 


train  .. 


••••••« 


Left  s  short  tndn  ;  took  a 
I  sodden  fam  after  three* 
foartbs  (tf  its  oonise. 


^  1  skoft  Mght  train. 


Left  s  aMk  for  2  seconds 


Uft 


BO 


^t  no  streak. 


8' 


25* 


iO< 


Direction;  noting  also 

whether  Horizontal, 

Perpendicalar,  or 

Inclined. 


Conrse  slightly  nndala< 
tmg. 


Directed  from  e  Urse 
Majoris. 


From  Radiant,  in  Leo. 


From  Radiant,  near  y 
Leonis. 


Directed  from  fi  Leonis. 


Remarks. 


One  smaller  meteor  this 
evening. 


•....••••.•.•••..■...••••••••. 


Fonr  meteors  seen  in 
thirty  minutes.  Sky 
mostly  clear.  On 
the  nights  of  the 
10th  and  11th,  sky 
cloudy  with  rain  and 
wind. 


&ioved  as  if  retarded  in 
its  flight;  very  cu- 
rious. 


Well  observed.  Three 
meteors  seen  in  one 
hour  fifteen  minutes. 
Two  from  Leo  and 
one  from  Cassiopeia, 
at  right  angles  to 
Milky  Way.  Morn- 
ing hazy.  Stars  rather 
dull.  Overcast  at  3** 
25". 

Four  meteors  seen  in 
15  minutes:  no  moon; 
one  observer. 

Sky  generally  clear  but 
hazy.  Afterwards 
overcast. 

Two  meteors  seen  in 
fifteen  minutes:  sky 
hazy  ;  one  •  third 
clouded,  then  quite 
overcast. 


Another,  3rd  magnitude, 
simultaneously  with 
it  from  ^  to  7  Ursse 
Majoris. 


Observer. 


T.W.  Backhouse. 


T.  Cmmplen. 


A.  S.  HerscheL 
Id. 


T.W.  Backhouse. 


T.  Crumplen. 


Id. 


A.  S.  Henchel. 

Id. 

Id* 


T.W.  Backhouse. 
D.GiU. 
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^B9QETr-r-18Q7; 


Dtte. 


1866. 
Nov.12 


12 


12 


12 


13 


13 


13 


13 


13 


13 


13 


13 


Ifour. 


h  m    I 
11  ;}3  p.ro. 


11  39  p.iii. 


11  50  p.ip. 


11  55  p.ni. 


12  27  43 
12  40  33 

1    6  13 

a.ni. 

3    0  a.iD. 
3    2  a.m. 


9  87  p.m. 


8  40  p.m. 


Plftceof 
ObserratioD. 


Observatory, 
Aberdeen* 


Ibid 


Ibid 


iPid  a^fttccff )f«**« 


Ibid 


Ibid 


Ibid 


'fTf 


GlUgQW  •«,« 


lOWt  »»*»!t1"?f»**»' 


Yorl^ 


Ibi4 


9  30  p.m.  BraeoDdi^le, 
Norwich. 


Apparent  Siie. 


^3^  DUI2**  •. 


=l8(  mag.* 


=l8t  mag.tt 


=l8tmag.» 


slstmag.*    ,, 


=l8tmag.« 


=9rd  mag.tt 


s3rd  mag.» 


=3rd  ipfigtt  !••,.. 


=2|id  mag.tt 


Splendid  meteor. 


Colonr. 


•. .(••.. .*•••••••. 


Greeiilah  yel- 
low. 


Tdlow     •}•••• 


White  ....,, 


Red 


>•  ••••f f |f • ••. 


ftm 


Castor. 


PoIIiiz. 
Mara.  • 


N/ 


I'l 


I    itii 


2i  seconds 


li  second    rn 


0*5  second  ••• 


0*9  second  ••• 


FnxD 

to 
uodi 

From 
paitj 
jori 

ICoi 
(A 

Disapf 

Ipt 


piEDga  yallowi  tecond  mm**  from 

joni 

Ml 


l*5se0Dnd  ...Rvo 
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ip,ifany, 
tad  its  BvntiQXL. 


■  •^^••••••••■•••••••••a  • 


LcftitniB 


|Sestka  appeaxanoe ;  like 


IdtihnlfiaBt  pala  green 


Lett  k  leaf  tiaiii  visible 
doziag  tSe  dme  of  the 


i  kiOiut  inetcor,  leaving 
skngtiaui. 


So 


lea 


tft  a  short  train  which 
hUed  a  qoarter  of  a 
second;  bunt  at  last. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


10^ 


^  s  iUnt  streak  ibr  halflCourse  2  oflDirected  firom  Castor . . 
t  second. 


the    way 
firomCas? 
tor. 
20^*  


12f 


Directed  from  Leo  to- 
wards •  Urse  M%- 
joris. 


From  •  to  y  Tanri 


Directed  from  v  CancrL 


Inclining  fb^ 


j/ 


\ 


From  nearly  E.  to  W. 


Remarks. 


Fron^  lOH  to  1^^  p.i{i. 
six  meteorf  jieen : 
clear  sky  ;  fi?e  ob- 
servers. 

From  \\^  to  \^  p.ip. 
twenty-four  meteors 
seep  :  dear  yky  \  five 
observers. 

The  dotted  line  indi- 
cates  the  direetipp 
and  lengtli  f>f  arc. 


From   12>^  to    "^  a.m 
fifteen  meteors  seeq : 
dear   skji  j|f«  pb 
servers. 


From  1^  to  1^  3(H"  a«m. 

seven  meteors  seei^; 

dear  skyi  five  pb- 

servers. 
Two   meteors   seen  In 

twenty  minutes ;  oqe 

observer. 
Sky  one-third  overcast. 

The    rest    generally 

dear  but  (laqri   |io 

mqon. 


Observer. 


0,  QUI. 


Id. 


Id. 


Id. 
Id. 
Id. 
Id. 

A.  S.  Herschel. 
Id. 

S.  Thomson. 


Id. 


J.  Crompton. 
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Dtte. 


1866. 
NOT.13 


13 
13 


13 


13 
13 

13 
13 
13 


Hour. 


h  m    s 
U    8  p.in. 


Place  of 
Observatioii. 


11  15  p.m. 
11  22  p.m. 


11  23  p.m. 


13 
13 

13 

14 


11  29  p.m. 
11  30  p.m. 

11  30  p.m. 


11  30  30 
p.m. 

11  37  38 
p.m* 


11  45  p.m. 
11  48  p.m. 

11  59  p.m. 

12  5  a.m. 


Primrose  Hill, 
London. 


Newcastle  •  on 
Tyne. 

Haddenham, 
(Bucks). 


Primrose  Hill, 
London. 


Birmingham    ., 

Primrose  Hill, 
London. 

Hawkhiirst 
(Kent). 


Primrose  Hill, 
London. 


Observatory, 
Aberdeen. 


Haddenham, 
(Bucks). 

Primrose  Hill, 
London. 


Hawkhnrst 
(Kent). 

London   ... 


Apparent  Size. 


:4th  mag.K,  then 
2X$ 


Splendid  meteor. 


Brighter  than  Mars 
orSirios.  Nearly 
equal  Venus. 


One-sixth  diameter 
of  full  moon. 


=Sirius 
2X$  .. 


Brighter  than  Sirius 


One-eighth  diame- 
ter of  full  moon. 


Twice  as  bright  as 
Venus. 


As  bright  as  Venus 
at  maximum. 

One-sixth  diameter 
of  full  moon. 


Almost  as  bright  as 
Venus. 


Very  large  meteor^ 


Colour. 


DuiatioiL 


Pale  blue 


Pinkish 


Orange  colour 


Samecolovas 
Venus. 


1-5  second  ...Fras  || 


tfifli 


SviptI 


rsBk 


Shot 

the 

m 


Shot 

OTff' 


sew.  J 
Pole-" 
Cisiif 
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eouee;  Tndiiyifany, 
ttd  Its  Dnntioii. 


E  t  nperb  stettk  of 
[inkt  about  50^  long. 


Length  of 
Path. 


L 


bdad  it  t  long  tnin 
tfUtt  fight. 


|i&  %Vbi|  bright  train 


f^Mfcacsg-ahaped.   Left 

I  alKtniiu 


^  ited  tnin  for  2  tecs. 


ft  a  tni«  ai  least  60"" 
long. 


ifttraddjatrak 


^  isdeiis  suddenly 
bant  without  noise, 
tt4  rematned  sns- 
P«e^  like  a  nebu. 
^  dood,  visible  for 
leoonds. 


ft  s  long  bright  zenith. 


I  meteors  exaoUy  por- 
ing each  other. 


u  like  sparks  £rom  a 
Kket-itick. 


V. 


■  "K. 


Dbnection ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Coarse  due  W. 


Radiant,  gi  Leonia 


Remarks. 


[Identical  with  the  pre- 
ceding;  aee  Appendix 


'  Newcastle 
Chronicle/ 
Not.  15tb. 

W.  R.  Dawea, 
'Monthly 
Notices/ 
Vol.  zxTii.  p. 
46. 

T.  Cmmplen. 


[Probably  identical 
with  the  preceding 
or  with   the  follow- 


ing-] 
'ell  obi 


Well  obsenred. 


A  binary  pair 


Another  tolerably  large 
one  about  12i>  45"" 
a.m.,  and  a  third  Tcry 
bright  one  about  1'^ 
25*"  a.m.,  but  not 
equal  in  size  to  the 
first,  though  perhaps 
equal  in  train. 


Obaerrer. 


T.  Cmmplen. 


W.  H.  Wood. 
T.  Cmmplen. 

Communicated 
byA.S.Herachel. 

T.  Cmmplen. 
D.  Gill. 


W.  R.  Dawes, 
'  M^  Notices/ 
VoLxxTii.p.46. 

T.  Cmmplen. 


Communicated 
byA.S.HerBchel. 


'  ETcning  Stand- 
ard/ Not.  15. 


'4 


806 


iiiiYO»T~1867. 


Dito. 


1866. 
Noy.l4 


14 
14 


Hour. 


14 
14 


14 


14 


14 


h  m    8 
U    6  30 


12  10  a.m. 
U  17  a.01. 

la  88  aqn. 


18  89  49 
turn. 


12  30  tLm 


18  38  10 

tUOL 


Place  of 
Obiervatioii. 


Haddenlum, 
Bucks. 


Carlton  HiU  Ob- 

serratory. 
Birmingham 


Apparent  Sixe, 


••• 


Ibid 


Sidmonth 
(DeYonsluie). 


St.  Andrews 
(Scotland). 

Obaervatoryi 
Glasgow. 


A«  bright  89  Yenui 
at  maximum. 


Qolour. 


Laige  meteor .... 
^  ^••••ff...ttt**«?** 


=  J^. 


Much  brighter  than 
Sirius. 


12  40  45 
a.m. 


White  ..,...., 


1 


1-5  sccmul  ..Ja 


}  9\ 


Momentary 


]£ 


Three  or  four  times  Whits  „„„.„ 
as  bright  as  Ju-| 
jdter. 


Ibid 


Two  or  three  times 
as  bright  as  Ve- 
nus. 


.Ill 


lieoond 


ttt«* 


fi 


wiute  ••^•t**.. 


1  aeoond 


Mi 
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ic«; 


and  ha  Duration. 


if  any. 


Length  of 
Path. 


Direction ;  noting  alao 

whether  Horizontal, 

Perpendienlar,  or 

Inclined. 


a  tain  §ar  12  minntea 

;a  bnCivit  green  train 
fcr^aeconda. 


Bemarka. 


^apieniah  atreak 


^  £^t  of  the  atar 
vu  axMnentarily  ex- 
tu^ii^ied  !)y  the  me- 
tcoi't  brightneaa.    Left 

BO 


Stationary, 


PR    a     thin      hright 
I  tna.      The  firit  part, 
'  ^ibn      ioto     pieoea, 
^adkXj     dia^npeared. 
The     Utter    hal^    S"" 
k>ng«    mm   farmed  a 
wiap    I®    wide,    eon- 
cave    to    the     aonth, 
vhich    gndnaUy     cd- 
Wcted     itself     into    a 
bot    V    iride,     and 
^nfted    aonth     to    • 
^s^nnaediBy  which   it 
reaped    U    12*   37", 
aod    loon     aflerwarda 
^issppetred^    Total  dn- 
itt^  5  minntea. 
^  a  brilUant   atraight 
>^reik  opon  iti  whole 
^osTse.         The      flrrt 
to    became     diifhae, 
collects  itself  at  the 
same     time     into     a 
luot    at  i    (a    Urate 
Uajocis,    X  Draconia), 
briffatening    np    aa  it 
1^      10,     an4     then 
nnfted     alowly    to    i 
Uf  /3)    Unas   Migoria, 
^faere    it    disappeared 
at  12»»  49"  ».m.   Total 
doration  8  minntea  15 
Kconda. 

The  Utter  half  of 
the  atreak  remained 
h  a  atraif^ht  line,  and 
p  faded  in  loa  than 
^seconds. 


Directed  from  ti  Leonia 


Obaenrer, 


Directed  ftora  the  ra 
diant  in  the  hesd  of 
Leo. 


W.  B.  Dtweii 

*  Monthly  r^o. 

ticea,'        Tol. 

xxviL  p.  46. 

C.  P.  SBiQrtfa* 

W.  H.  Wood. 


Id. 


H.  S.  Helneeken. 


G.  Fprbfi. 


A.  S.  Heivchel 
and  J\,  Mac- 

gregor. 


Id. 


t2 
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Date. 


1866. 
Noy.l4 


Hour. 


h  m  B 
12  41  a.m. 


14 


Place  of 
Observation. 


St  Andrews 
(Scotland). 


12  41  30 
a.m. 


Observatory, 
Aberdeen. 


14 


14 


14 


12  45 '  a.iD. 


1    7  a.m. 


Birmingham 

Primrose  HiU 
(London). 


1    8  a.m. 


Cardiff. 


14 


1    8  a.m. 


Apparent  Size. 


Colour. 


Duration. 


Twice  as  bright  as 
Venus. 


Brighter  than  a  1st 
mag.*.,  then  equal 
to  Venus. 

Large  and  bright. 


Blue 


3XV 


Stretton   (Here- 
ford). 


4  seconds. 


Purple 


Very  large  meteor. 


Po&itioi 

Altitude 

AziiDi^ 


Position  I 
meteor  i 
corded,  j 
mass  oft 
disappea] 
the  HlI^ 
close  to  G 


Commeocd 
and  disai 
in  the  ] 
horizoniti 
the  zenit 
pletelyso 
vault. 

Stationarr 
148°,  tf  « 

Disappeard 
low  Aide 


Appeared 
Castor,  1^ 
across  tW 
sdes. 


Passed  ^ 
OrioniSt » 
appeared  E 


the 

a 

two 

from 
unite 
right  i 
equid* 
both. 


point 

lines 

thos 

.  to 

..  angW 

idistsot 


JUmince ;  Train,  if  iny, 
ad  ixs  Dnrmtion. 
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meteor,  each 
B^  to  VenoB.  A 
jin  id  the  train  got 
dasiEx  and  thicker, 
aati  it  vaa  of  an  o?aI 
dopcL  This  part  re- 
"ssssd  visible  until 
1^4S^a.ni.,  the  stars 
W^  liable    throogh 

mt  I  Img  train  whidi 

rAB&eed  Inminous  for 

3i  Bonds   after    the 

iCe    of    the 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


'Mtrna 


An   arc    of^Dirccted  from  Leo 
160^. 


I  traio  visible  in  the 
<2fesa»pe  for  10  minutes. 


^  t  train   some    mi- 

ciites  broad,  and  at  first 

<^  straight.     A  part 

c^tbe  trun,  IS""  long, 

B«xr  the  Pleiades  and 

Al^tean,       remained 

^^  after   the  ends 

^hikd  and  assumed 

^    Jcrpentine      form. 

Aha     this      it     took 

t)i£   fona   of  a   small 

oval        doud,         and 

Bored    from    betweei^  ^ 

«   and    ^    Tanri     to- 

'*nis     7    Orionis  ; 

^g     visible     as 

^t    dond    until    l^ 

20^a.m. 

^  a  streak   which  re- 
3aiQed  visible  for  2"  8«. 


Stationary 
object. 


Remarks. 


Observer. 


[Identical  with  the  pre- 
ceding; see  Appendix 
I.] 


6.  Forbes. 


The 


train  was 
a  band  about  5 
broad,  and  then  be- 
came a  circular  patch 
slightly  elongated 
eastwards,  which 
drifted  about  5°  to- 
wards  the  north-west 
horizon  before  it  dis- 
appeared. 
The  brightest  meteor 
the  night. 


D.GiU. 


W.  H.  Wood. 


first  T 


ofA 


[Identical  with  the  pre- 
ceding.] 


>  Crumplen  and 
H.  J.  Wix. 


.and  J.  Thomp- 
son. 


H.  Cooper  Key. 


810 

EMOKT— 1887. 

■^ 

Date. 

Hour. 

Pllccof 
Obsenation. 

Apjiflrent  Siie. 

Colour. 

-1 

Noy.H 

h  m    ■ 
1    e    9 

•.in. 

ot  Ml  moon. 

J 

1 

14 

1    8  20 

J 

11 

U 

1   10   un. 

Clieshain(13Ln:kb) 

One-third   ot    the 
moon'B  .pparcDt 
diameter. 

Very  red 

'""■*- 

1 

u 

n 

r        meu»r 

] 

1  20  1.111. 

Wimbledon 

BsVenw. 

u 

1  23  40 

Radcliffe  Obser 
ntorr,  Orford 

iff 

H 

J  27  28 
a.m. 

Qoite  oni-third  di 
ameter    of    ful 

1 

K  t 

* 

14 

1  30   a.m 

(UucU). 

About  the  size  o 
Mars. 

Dull  colour  of 
red.hpl  iron. 

Motion   mueh 
Flower  Ihu 
lh.tofipo« 
othen. 

Fraa 

le* 
ai 

14 

I  40  33 

Obiervatory, 
Glugow. 

t'3  temod  ... 

1 
1 

ft*.* 

•MKt 

(01* 
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fpeitanoft ;  Tnin,  if  any, 
andiUDtumtlon. 


Direction ;  noting  also 
Length  of      wkiether  Horizontal, 
Path.  ^erp«ndicalar,  or 

Inclined. 


eft  a  ipleiMiid  Uuith 
I  traia  wtiieh  waa  very 
I  eonpieaoaa  fbr  nx 
nrimifcra,  and  rtmained 
viiiiiiJe  for  at  laaat  tea 


I. 


fifii  mapuAamt  green 


pvt  of  iraich  remained 
Tinble  as  a  fleei^  doud 
d  hinUj  luminons 
i(bt    kn    acveral   mi 

i^  a  train  plainly  mble 
for  two  minotes. 


Left  a  hrigjki  atreak ;  at 
fimattaeiied  to  Z  Ori. 
ods,  but  afterwards 
lepanting  from  it  to  a 
Srtanoe  of  one  degree. 


40^ 


*»Hitt»t$t4tit 


r„ 


a  trmin  which 
Tery  conspi- 
cuooa  for  three  mi- 
nntea. 

PerfectlT  loimd ;  like 
a  iaige  red  -  hot  shot 
at  a  great  distance. 
Its  brightnesa  gra- 
daaUy  £aded  after 
I»SBng  Oriotti  with- 
out any  appear- 
ance of  combos- 
tion,  and  it  left  no 
tnia. 

EKuppeared  with 
sodden  flash ;  nearly 
as  bright  as  Venus; 
learing  a  patch  of 
green  lig^t  at  the 
spot  for  fifteen  se- 
eonds. 


I«*«II4< 


ftemarks. 


Obserter. 


[Idtoticia     with     thelH.  8«  HdiedMib 
preceding;    see  Ap- 
pendix!.] 


S.  to  N.  t  obTiously  nn- 
oottformable  to  the 
Leotidiaat. 

Mofed  nearly  horiaon- 
tally. 


Towards  S.W. 


E.  to  W. 


•••••••••••.•••••••■••••••4.** 


Dlumined  the  whole 
north-east  horizon. 
It  partly  disap- 
peared, and  lighted 
np  again,  in  its 
eonrse. 


The  meteor  itself  was 
not  seen,  but  it  pro 
dnced  a  very  sensible 
light 

The  streak  remained 
visible  four  or  five 
minutes,  collecting 
itself  into  a  baU 
of  faint  oometic  ap- 
pearance, of  about 
16'  in  diameter, 
before  it  disap- 
peared. [Seen  also 
at  Haddenham,  Bucks, 
by  Mr.  Dawes]. 


The  attention  of  another 
obserrer  was  called  to 
it,  who  saw  it  exactly 
the  same. 


F.  C.  Penrose. 


C.  Qtorett 


*  Byenhig  Stand< 
ard.' 


F.  C.  Penrose. 


R.  Main, 
'  Monthly 
Notices,'   ToL 
xxvu.  p.  45. 


H.  S.  Hebecken^ 


W.  R.  Dawes, 
<  Monthly 
Notices,'  Tol. 
xxvii.  p.  48. 


A.  S.  Herschel 
and  A.  Macw 
gregor. 
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REPORT — 1867. 


Date. 


Hour. 


1866. 
No?.14 


h  m    8 
1  45  a.iD. 


14 
14 

14 
14 

14 


1  51  a.m. 

1  59  a.m. 

2  6  a.m. 
2  10  a.m. 

2  10  a.m. 


14 


2  12  8.m. 


14 


2  12  30 
fttin* 


Place  of - 
Observation. 


London 


Birming^ham 
Ibid 


Ibid 


Wisbeacby  Cam< 
bridgeshire. 

Newcaatle-upon' 
Tyne. 


Beeston  Obser- 
vatory, Not- 
tingham. 


Hawkburst 
(Kent). 


Apparent  Size. 


Large  meteor 


Colour. 


Greenjih  yel< 
low. 


Bine  or  green- 
ish. 
White  or  green 


Deep  red 


Larger  than  VennsiBlne 


As  bright  as  Venus. 


As  bright  as  Sirins 


Duration. 


Poution,  a 

Altitude  aDi 

AzimQth. 


Shot  from  i 
Regaloi  thro 
thebdtofOi 


1-5  second  ... 
2  seconda    ... 


2*5  seconds ... 


4  seconds. 


Commenced  il 

Leonit 
From^Leonist 

Vtm  Mtjorif 

Appesied  at  I ! 

onii. 
Fh>m  Sirins  V 

Leporii. 

Passed      tbro 
Cassiopeia, 
onwards   to 
Pegssi^when 
beomeextuM 


Passed  2"  abi 
ProcyoB. 


Distppeaied  s* 
Arietis. 
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ippeannce ;  Train,  if  any, 
and  ita  Dnntion. 


r 


Left  a  train  of  steel- 
grey  ooloor,  which 
Tcntined  viable  for 
Dcniy  three  minutes, 
altfaoo^  partially  ob- 

!  scored  by  fleecy 
doods. 


Left  a  fariglit  train 
•L^atrain 


Left  1  brilliant  train 

i 

-Leftatnin     


lUft  a  long  ImninoQS 
I  streak  which  gra 
dually  collected  to 
t  nebulous  cluster. 
The  line  and  cluster 
moved  5^  and  re- 
mained   visible     four 

Left  a  streak  that  was 
viaibie  three  minutes, 
and  drifted  slowly 
aloog  in  a  south-west 
current. 

Left  a  train  (a),  o 
nbach  the  part  from 
s  to  /9  Arietis  lasted 
folly  six  minutes  by 
vatefa,  and  drifted  gra 
d«aUy  aonthwards  {b), 
gs^hoing  together,  and 
earring  and  turning  as 
it  went,  so  that  another 
briDiaBt  meteor  (c),  also 
confomable,      crossed 

!  over  it  almost  at  right 
angles ;  see  figure. 


Length  of 
Path. 


4°.. 
15» 


Direction ;  noting  also 
whether  Horizontal, 
Perpendicular,  or 
Inclined. 


Directed  from  C  Leonis. 


Remarks. 


Directed  from  y  Leonis. 
Horizontal  


f|Vcry     long 
path. 


Ari€9. 


Observer. 


J.  Browning. 


W.  H.  Wood. 
Id. 

Id. 

S.  H.  Miller. 

T.  P.  Barkas. 


Possibly  identical  with 
the  preceding,  at  Wis- 
beach,  2^  10»  a.nL 


E.  J.  Lowe. 


Communicated 
byA.S.Her8chel. 


di4 


luspORT — 1867. 


Date. 


Hour. 


1866. 
14 


h  m    8 
2  IS  a^in. 

2  14  a<m. 


Place  of 
Obsenratioxu 


St.  Andrew's, 
Scotland. 

Observatory, 
Glasgow. 


14 

14 
14 


2  15  a4n« 


2  15  30 

a*ni. 
2  15  43 

a.ni. 


14 


14 


2  16  a.ni. 


2  20  a.in. 


14 


14 


2  39  tutu. 
2  40  a.to. 


Peebles 


Wisbeaeh 

Greenwich  .. 


Apparent  Siae< 


3X^ 


Birmingham    ... 

Hawkhurst 
(Kent). 


Beeston  Obser- 
vatory, Not- 
tingham. 

OandSe  (Notts.) 


Very  brilliant  me- 
teor. 


Equal  to  Venus 


Twice  as  bright  as 
Jupiter. 


Brighter    than 
Venus. 

elst  maff.*f  then 
2X$. 


Eight     times     as 
bright  as  Venus. 

Exceedingly   large 
fireball. 


Ck>loiUr. 


1 1*  I  fc 


White 


Bright  blue 


Green 


Duration. 


JUm 


Jt 


1*5  second  ••• 


20  seconds  ••« 
11  second    ... 


Green  ••*•••••• 


Bright  Uue 


Position*  or 

Altitude  and 

Azimutli. 


Pbsittoii    ft    fit! 
north  of  «  Get 

ftam  i  (a,  9)  C 
ttinomiii    to 
(%  d)  Tinri. 


Appeared  betwe 
tne  zenith  ai 
Oiion,  and  sh 
ftr  westward. 

FroiniSOeniinoxui 
to  X  TavrL 

Burst  Bear  9  Leon 


2  seconds. 


Ftom  l48<>+25* 
to     135  +20 

Commenced  on 
line  finom  c  LJ 
onis,  continoi 
through  Z  L 
onis,  to  aboi 
the  distan 
between  tboi 
stara. 

Just  above  tl 
N.N.W.  horizo^ 

Fell  in  the  nor« 
point  of  the  h^ 
rizon. 
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^ppcirance ;  tVain,  if  any, 
loditiDmatton. 


Mtttni 


ttninfbr  2  minutes 

M  I  bright  streak  on 
I  in  vWle  course,  di- 
-  nU  into    two    por- 

tuu  tt  I  Tanri. 
'  Hm  pirt  from  t  to  • 
'  Tuii  beeune    cnnred, 

(nene  to  the  south, 

Hi  coUeeted  itself] 
'  Bto   a    knot,    which 

^lifted  serou  y  Ori- 
;  QBs  MMithwards,  half- 

'"J   to    X     Orionis, 

*^    disappeared     at 

^  latter     point    at 

fia-JO'a.m. 

(Oondon  5  minutes  45 

•wadfc) 
}A  an  orange -yellow 
,  *««k  for  60  seeonds. 


Attain  which  lingered 

!«e«ni  seconds. 

Y^  meteor  burst  into 
ttreni  iptrkling  fiiig- 
'°«nts odleft  a  dense 
^  which  entirely 
<*wffed  ,  Leonis. 


^  ».^  green  train 
{  ^.^t  for  one  or  two 

?°M  btod  out  just 
'  ^      diiappeaiing. 

^  ^  irhich  lasted 
^J^^ntes  and  fifty 
^^^  drifted 
'"^  *gi»tty  eastward. 


I 


Length  of 
Path. 


25' 


Nearly  sta< 
tionary. 


Equal  to  the 
spaee  be- 
tween 
and^Le- 
onis. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Bemarks. 


Directed  from  Leo 


Directed  from  the  same 
two  stars. 


The  Tapour,  while 
dense,  was  examined 
through  the  spectro- 
seope,  but  nothing 
could  be  elicited. 
After  the  lapse  of 
some  seoottds,  the  star 
f  9  Leonis)  was  seen 
fttntly  through  the 
irtpour,  but  this  Ap- 
pearance was  not  dis- 
sipated until  One 
minute  and  a  half 
had  elapsed ;  the  ya> 
pour  gradually  fading 
away  during  that 
time. 


Seen  through  trees. 


For  a  moment  it  lit  up 
the  whole  heavens  as 
with  the  light  of  day. 


Obserrtr* 


0.  Forbesi 

A.  S.  Herschel 
and   A.  Mac- 

gregon 


'Daily  Keview/ 
Not.  16, 1866. 


S.  H.  Miller. 
W.  C.  Nish. 


W.  H.  Wood. 


Communicated 
byA.S.Herschel< 


B.  J.  Lowe. 


H.  Weigbtman. 
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ESFO&T — 1867. 


Date* 


1866. 
Nov.14 


Hour. 


h  m    8 
2  40  a.iD. 


14 


2  40  aJD. 


14 


2  41  a.111. 


Place  of 
ObserratioD. 


Carlton     HiU 
Observatory. 


Newcastle-upon- 
Tyne. 


Glasgow  Obser- 
vatory. 


Apparent  Size. 


Large  meteor 


Three     times     as 
bright  as  Venns. 


Very  large 


14 


2  40  58 

a.m« 


Observatory, 
Aberdeen. 


Colour. 


Duration. 


Position,  or 

Altitude  and 

Azimuth. 


ThelDminouistrai 
remsined  neail 
stationary  b( 
tween the 'Foil 
ten'inUnaMi 
jor  snd  Polarii. 

Passed  from  Le 
north  of  caodi 
Unc  Mijorii 
tkirting  Polaiii 
and  becsme  io 
Tiiible  sear  At 
dennuD)  i^  Ce* 
pbei. 


One-fifth  diameter 
of  full  moon. 


Slow  motion, 
and  appa- 
rentiy  di- 
minishiog 
speed. 


Commenced    ^ 
tween  Mafl  ^ 
Pollux, 
nearer 
Utter, 
peared 
Tann. 


rathi 
to  tl 

at 
Fig- 


appearance 
the  itreak  'fW 
lint    deposiW 
Kg.  2.  ditw^ 

Kg.  3,  ditto^ 
2a%4-  30-  U 


A  CATALOOne  or  OBSK&TATIOHS  of  LUHINOrS  HSTE0R8. 


whether  HarizonUl, 

PerpendicnUT,  or 

Inclined. 


■lA  ■ 


Blver  meral  minDtei  ii. 
I   width  and  1S°  in  length, 
■Ucfa  gndoallr  became 
'    .    oMioned,  like  ■  ikein 
I   >f  lilk    when    thrown 
'  Bpon  a   tahle,  until 
I   nwmbled  a  letter  L, 
I    I   1  bmeahoe ;  the  *ui 
i'   aitaf  the  iKh  pointing 
to    Una    Hijor,    in' 
nned  ronnd|3  Cephd. 
I    Ltfi     a    bright    oraage- 
rcd     light     doud     ot 
.  honeaboe  farm  (fig.  1), 
eoeodinf  from   &    ~ 
ma     Venatieonini 
i'  acai   J,    !   UnE   Ma- 
I  I  ioda.    At  2*  W 

\    Ihe  itoeak   wm   heirt- 

I       •iuped(fig.2),the*pex 

'   atxUnBMqori*.    At 

i*  48-  a-m.,  one  bnnch 

at«dedtoi03,y), 

;  the   anex  wu    at   (b) 

I  U™e  Mijorii   (fig.  3). 

'   »t  2"  52-i.ia.,  the  ex- 

I  Vtmitf  of  one   branch 

I      ■n>tthe'Fciinten'(a, 

I   f) ;  the  ipei  wu  at  £ 

I   Urse  Mqoiii,  and  the 

c^bcT  extremi^  wia  ita. 

,   tidDuy  thiDBghout  the 

,'   Ime  at  5  Cannm  Vena- 

tiannn,    until  a"-  S8' 

I    t-n.,  when    the   light 


A.  3.  Benehel 
ud  A. 
gr^or. 


The  light  of  the  meteoi 
wii  more  like  ton- 
light  thin  anf  oUier. 
The  brightot  meteor 
of  an;  leen  on  thii 
night       No    report 


pendix  II.) 
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MPOBT^^-iseZi 


DtM. 


1866. 
Noy.l4 


14 


14 


14 
14 


14 

14 
14 
14 
14 
14 
14 


14 


Hour. 


h  m 

%  41  30 

ft*iii. 


3    6  ft«iii. 


3    7  a.m. 


3  18  20 

A.m. 

3  20  a,m. 


3  26  a.m. 


3  35  a.m. 


8  39  a.m. 


5  35  Ajn. 


6  16  a.m. 


6  40  p.m. 


6  40  p.m. 


6  55  p<in. 


Place  of 
Olmemtioii. 


Royal  Ob«er?ap 
tonf,  QrwBi^ 
wicn. 


Wimbledon 


^Tisbeach. 


Beeston    Obser 
yatory,     Not- 
tingham. 

Wimbledon ...., 


M^sbeacb., ,. 


^^blo^on 


Beeston  Obier* 
yatorj,  Not* 
tingham. 

^9(lmbledon...., 


Near  PrimroBe 
Hill(Undon). 


York.. 


Greenock. ..«t—» 


York. 


Apparent  Siae. 


zxn 


Bright  meteor 


Large  meteor  •..., 
About  equal  to  Mars 


Bqval  to  Venus  ... 


Large  and  bright 
meteor. 

Very  bright  meteor, 
brighter  than  Si- 
nus. 

Bright  meteor 


Istmag.* 


Brighter  than  any 
in  the  preyious 
shower. 


slat  mag.* 


Colour. 


Bright  Unisb 
white. 


Very  red 


Blue 


Red 


Bluish 


Orange 


Duittion. 


2aeoonil9 


•1' 


7  seconds    .. 


Fran  i 
casil 

m 


1 


Slow  motion..- 


5  seoondstftf 


Slow  motion; 
3  seconds. 


FroB* 
jom 
Bcr« 

Crvad 


*•..• 


Rapid  MM 
i  second  tt.t- 


ftm\i 


}  saeond  ..•.•. 
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Lppetmee ;  Tnin,  if  tny , 
mditiDixratipn. 


ilicft  a  tnin  Mijii;  10  w* 
ooidi  ifter  diiappear- 
Qeetfthenetoor. 

feft  a  bnght  ihort  tnin 
.  viacli  Knuoned  TuibU 
'  ii  the  tdatcope  for 
Bajnuniitas. 
I  tnin  vhieh  <^led 


•Fptned  undola- 

tttg  11  IB  the  sketch. 


L«lifftb  of 
Path. 


^V        •ttftttf* 


Directioii;  noting  alio 

whether  Horisontal, 

Peipendiculari  or 

Inclined. 


IpoUnad 


Remarks. 


This  meteor  borsl  •••„. 


Nearly  horisontal,  from 
I    left  to  right.    SUghtly 

unconformable  in  its 

direction. 


Horizon. 


:  12< 


Spnth. 


M  <  tnin  for  20  seconds! 


^*  wry  brilHant  and 
^2*«  persistent  streak. 


^*?niawhidi  lasted 


>rM« 


from  W.  to  E.  Totalhr 
unconformable  in  path 
to  the  Leo  Radiant 


^**8httrsm|moTed 


12' 


19' 


The  train  seen  in  the 
telescope  i^peared  Uke 
a  riband  with  mapy 
bends. 
The  curved  trsin  re« 
mained  visible  for 
three  minutes,  and 
appeared  like  a  dim 
nebula  in  the  tele- 
scope. (SeeAppendix«) 


Ohserye9« 


Arthur  PardUifi 


F.  G.  Penrose. 


S,  H.  Miller. 


B.  J.  Lowe. 


F.  C.  Penrose. 


UnsleffdjiUfl^t  ••• 


•••••• 


Two  other  bright  mc^ 
teors  appeared  nearly 
at  the  same  timCf 

Seen  in  broad  dayli|ht 
and  in  sunshine. 


Inclined 


X 


The  light  was  so  gr^t 
W  to  cause  obsttrrm 
looking  in  an  oppodte 
direction  to  ti|m 
rpund.  Seen  alao  at 
Glasgow. 


8.ILMIU«r. 


F.  C,  Penrose. 


8.  f*  Low«i 


f,  Q.  Penrose. 


T.  Cnunplen. 


R.   O.    imd  C. 

Barclay*  and  A. 

J.  Crossfield. 
'  North     British 

Daily  Mail,' 

Not.  lath. 


J.  B.  Clark. 
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Date. 


1866. 
NaT.14 


14 
14 


Hour* 


h  m    I 
8    8  p«iii< 


14 

14 

14 
14 


8  11  p.m. 

8  11  30 
p.m. 

I  8  16  p.iiL 

8  21  p.iii. 


8  26  p.m. 
8  28  p.m. 


York. 

Ibid. 
lUd. 

Ibid. 
Ibid. 

Ibid. 

Ibid. 


20  4    0  a.m. 
(local  time.) 


25 

25 

25 
27 


27 


27 


5  52  p.m. 


7  30  p.m. 


7  41  p.iii. 

6    2  30 
p.m. 


7  37  p.m. 


7  57  p.m. 


Place  of 
Obienration. 


Appaieot  Size. 


Nashville, 
Teaaessee 
(U.  S.  A.). 


West  Hendon 
(Sunderland). 

Birmingbam   ... 

Ibid 

York 

Ibid 

Ibid 


=3rdniag.* 

=:3xd  mag.tt 
=2nd  mag.« 

=3rd  mag.« 
=lstmag.*.. 


Coloiir. 


Tdlow 


=2^  mag.« 


=2nd  mag.« 


Appeared  as  large 
as  tbe  sun. 


Bright  jeBowl^ 
Teilow    ... 


i  second ^ftm  ji 

I  etiL 
second  .......Fhn  t 


TeUow 
Yellow 


Reddish  ...... 


Orange. 


=2nd  mag.« 


= 3rd  mag.«    'Orange 


=3rd  mag.*   .Bine 


=n 


=3rd  mag.* 


=l|mag.« 


Greenish 


YeUow. 


Yellow 


Doratkn. 


T 


Aarift 


i  aeeond lAw  t 

■A 


PnalK 
l^  second   ,Jhm  j 


i  second 

d   ... 

4  second lbs  ! 


tak. 


i  second [FnsM 


Rapid  motioii 


1  second 


Is  Ik 

Xact 


i 


1*5  second  ... 
1  second .... 


Nofil?" 


I* 

From  <?* 

Prom  ''*i 
FroB»5i 


i  second 


I  second 


A  CATALOOVB  OP  OBSEKYATIONS  OF  LUMINOUS  HETSe$». 


iii, 


%£traiice;  Train,  if  any, 
and  its  Dnzmtion. 


uft  a  very  iKgfat  train  ... 


r 


Length  of 
Path. 


16« 
15« 


^t  a  short   train  for  a 
<}Birtcr  of  a  teoond. 


13* 

13<» 
120 


^  a  ban  of  fire  lighting 
the  whole  heavena. 


I^'t  a  tnin  of  aparks  for 

uimttnt. 


37* 


30' 


40*  .M, 


Direction;  noting  also 

whether  Horizontal, 

Perpendicnlary  or 

Inclined. 


.1 


I  ■ 


......    ^ 


Inclined  at  an  angle  of 
80*. 


Moving  toQth-weat( 


Moved  in  a  curve  from 
Ursa  Major. 


Directed   from   y    Le- 
onis. 


Directed   from    y   Le^ 
onis. 


*-    ♦ 


,  i^hserver. 


Exploded  apparently 
about  ten  miles  off 
with  a  tremendous 
report  like  a  40-lb. 
cannon,  which  shook 
the  earth  and  made 
the  windows  rattle. 


It  seemed  brighter  at 
one  time  and  hazy 
at  another,  but  each 
stage  was  about  the 
same  brightness. 
There  was  still  a 
good  deal  of  twi- 
Ught. 


Another  3rd  magnitude 
meteor  near  «  Cas- 
siopeise  nearly  simul- 
taneous. 


k»  C.  Marriage. 

Id. 

S.  Thomson. 

A.  C.  Marriage. 
A.  K.  Brown. 

A.  C.  Marriage. 

Id. 


New  York 'Jour- 
nal of   Com- 
merce '    and 
'  Worid/  Nov. 
24th. 


T.W.  Backhouse. 


W.  H.  Wood. 


Id. 

J.  E.  Clark. 


Id. 


J.  E.  Clark  and 
J.  Waller. 


1*7, 


z 
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BBPOBT— 1867ff 


Date. 


1866. 
No?.27 


28 


28 


28 
30 

30 


30 
30 


30 


30 


30 
30 


Hour. 


h  m    s 
8  35  p.m. 


6    0  a.m. 


8  55  p.]n. 


9    0  p.xn. 

6  49  p.m. 

7  51  30 
p*ni. 


8  14  15 
p.m. 

8  17  30 
p.m. 


8  35  p.iD. 


8  38  p.m. 


9  12  p.m. 
10    2  p.m. 


Place  of 
Obtervation. 


York. 


Ibid 


Ibid 


Ibid 


West  Hendon 
(Sunderland). 


York. 


Ibid 
Ibid 


Ibid 


Ibid 


Ibid 
Ibid 


Apparent  Size. 


=n 


=2nd  mag.» 


=2nd  mag.» 


=Utmag.*.. 
=2nd  mag.* 

=2nd  mag.* 


=2^  mag.* 


=2nd  mag.« 


=  2^ 


=:3rd  mag.* 


=:3rd  mag.« 


Halfas  bright  again 
as  Jupiter. 


Colour. 


YeUow 


.••»*. 


Yellow 


Yellow, 


Yellow 


4  aeoond Sisal 


Yellow..,. 


Yellow 


Yellow. 


Light  blue 


Yellow 


YeUowish. 


Doiatlaiu 


2aeeoBda   ...p^i] 


i  aecond 


^  aeoond 


1  aecy  quick. 


1  second 


1  sec,  r^id... 


i  sea,  slow... 


i  second 


About  J  sec...  Sea.*! 

One-tenth  of  JAjj*^ 
second  whUe  ^•>; 
in  sight.         ^'n 

roof- 


A  CATAI^QUE  OF  OBSBRVATlOlff  09  LUMINOUS  METEO&S.  828 


i;lViiii,if«]iy, 
tsd  JtiBuntloii. 


Length  of 
Path. 


a  slight  iinak  for  a 


Ni>*-«« 


L. 


24< 


DirectiOD;  noting  alio 

whether  Horizontal, 

Perpendicular,  or 

IncUnecL 


Bemarka. 


6^  while  in 
tight* 


Downwards;   75°;  in- 
dined ;  from  y  Leonis. 


/ 


It  nearly  disappeared  in 
the  middle  of  iti 
course,  hut  regained 
its  former  hrightness. 


Obsenrer. 


R.  6.  Barclay. 


From  y  Leonis 


lO^"  while  in 
sight. 


12* 


Seen  through  a  hreak  in 
clouds. 


Simiiar  to  the  last .... 
Directed  from  Polaris. 


Inclined  SO*" 


24' 


35< 


At  described  in  the  last 
meteor. 


At  7*"  30",  a  small 
meteor  on  nearly  the 
same  path. 


C.  BarcUy. 


J.  E.  Clark. 


P*ppwred  gradually , 
^  a  ali^t  train  for 
liecond. 


45< 


19* 


S^"  whUe  in 
sight. 


i 


Seen  from  a  third  story 
almost  on  a  level  with 
the  opposite  roof. 


Id. 
T.W.Backhouse. 


J.  E.  Clark  and 
F.  Bewley. 


A.a 


J.  B.  Clark  and 
A.  C.  Marriage. 


J.  E.  Clark. 


A.  C.  Marriage. 


F.  H.  Longman. 
J.  E.  Clark. 


z2 
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Date. 


1866. 
Dec.  2 


Honr. 


h  m  8 

7  30  to 

7  45  p.m. 

9  27  p.m. 


8  23  p.m. 


York. 
Ibid. 

Ibid. 


9  44  p.m. 


9  17  p.m. 


9  58  30 

p.m. 


10  10  p.m. 

9  21  30 

p.m. 


710    4  p.m. 


8 


5    6  p.m. 


8   7  49  p.m. 


8 


8    0  10 
p.m. 


Place  of 
Observation. 


Ibid 


West  Hendon 
(Sunderland). 


York. 


West  Hendon 
(Sunderland). 


York 


West  Hendon 
(Sunderland). 


York 


Ibid 


Ibid 


Apparent  Size. 


=l8tmag.». 


=l8t  mag.* 


=3rd  mag.» 


=2nd  mag.* 


=l8t  mag.« 


=3rd  mag.« 
=l|mag.« 


=2nd  mag.* 


=Mar8  or  3^ 


= 2nd  mag.* 


=3rd  mag.* 


Colour. 


Yellow 


Very      bright  ^  second,  voyTkoB 
yellow.  zmpid.  ^' 


Blue 


White 


Light  yellow. 


isec, 


Orange  colour 
Yellow     .... 


Red 


YeDow     •. 


Blue 


DnratioB. 


^  aecondt 
rapid. 


mxfhfm 


i  8cc.y  rapid...  ^ns  H 


Slow 


fnmA 


Quick  ... 
1  second 


K.JL 
Rsa 


li  second 


1  aeeond,  slow 


k  MC,  lapid... 


Frtm 
to 


to  lf>^ 


A  CATALOGUE  OF  OBSEBYATIONS  OF  LUMINOUS  METEORS, 


825 


i;  Train,  if  any, 
md  its  Dazmtioiu 


Length  of 
Path. 


a  JtPf  alight  train  ...  12° 


the  end  of  its 
coone  it  left  a  bright 
rnea  train  2^  long,  and 
U'  broad  for  about  1  sec. 


If-.. 


■pxtremely  bright  meteor ; 
r  left  a  slight  train. 

kjuft   a    short    sparkling 
i|  tnin. 

I 

i^  few  sparks  were  seen 
to  &11   from  it  when 

brightest. 


8< 


ir 


Short 


25^ 


10^ 


10' 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicnlar,  or 

Inclined. 


Nearly  horizontal 


Remarks. 


Directed  at  first  from  /3 
AurigaB. 


/ 


Perpendicular 


Horizontal 


Directed  from  \  (j3,  y) 
Urse  Mmoris. 


/ 


Directed  from  \  Gemi- 
norum. 


\ 


.  «  • 


Ursa  Major. 
Directed  from  Cassiopeia 


\ 


From  Cassiopeia 


Sky  clear ;  a  strict  watch 
kept ;  none  seen. 

Appeared  from  behind 
a  cloud  whose  edge 
it  slightly  illuminated. 

Path  distinctly  curved, 
as  shown  by  the 
arrow. 


Observer. 


J.  E.  Clark. 

J.  E.  Clark  and 
A.  C.  Marriage. 

J.  E.  Clark. 


Four  other  meteors  seen 
during  the  evening. 

From  1^  40"  to  7"  55"* ; 
on  the  morning  of  the 
7th  watched  for  me- 
teors, but  none  seen. 


Only  a  few  stars  visible 
in  tvrilight. 


Id. 


T.H.  Backhouse. 


J.  E.  Clark. 


T.W.  Backhouse. 


A.  C.  Marriage 
and  J.  E.  Clark. 


T.W.  Backhouse. 


J.  E.  Clark. 


Id. 


Id. 
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KEK>RT-«>1867. 


Date. 


1866. 
Dec  d 


Hour. 


h  m    8 
8    4  p.m. 


8 


8  24  p.iii. 


8 


8  27  p.iD.Ibid 


Place  of 
Observation. 


York 


Ibid 


8 


8  28  30 

P»ID< 


8 


8  47  30 
p.ro. 


8 


9    4  p,ni. 


8 


9  12  p,m. 


8 


9  15  p.i!i. 


8 


9  28   p.in. 


8 


9  35  p.m. 


Ibid 


Ibid 


Ibid 


Ibid 


Ibid 


Birmingham    ... 


York 


Apparent  Size. 


■■Sod  mag.« 


i-2]id  iDagw» 


lit  mag.« 


2«d  mag.« 


Colour. 


Blue 


TeOow 


Green 


Red 


-  f  apparent  dia-  Red 
meter     of    fall 


moon. 


lat  mag.» 


Yellow 


'3rd  mag.» 


Blue 


Yellow 


i  sec,  rapid... 


i  aee.,  rapid... 


^  second 


'2nd  mag.ft,  then  Ruby  -  red, 
Sirins.  then  orange, 

colour. 


>  2nd  mag.* 


YeUow 


Duration. 


i  sec.,  rapid. 


1  second 


^  seCy  rapid... 


^  tec.y  rapid... 


I  second  while 
in  sight. 


One*flfth  sec, 
very  rapid. 


Petition, 
Altitude  & 
Azimutlj 


Frona  18** 
to     12^ 


ftotn    25*^ 
to     S36 


ftam    70**-|- 
to       20 


From    90^ 
to     10& 


From  3^3!^ 
to     245 


From  348"* -h  J 
to     350  +: 


From  11*=*   -I- 
to     lO^  + 


Fh>m  aio^-hi 
to     318  4-j 


From  ^  Dimooi 
R.  A.  290«> 
Decl.  35=*. 


Prom       3** 
to       11 


\ 


A  CATAIXKIUE  07  0BSBBVATI0N8  OF  LUMINOUS  METEORS. 


827 


i^panace  ;  Tndn,  if  any, 
and  its  DnimtioiL 


r 


p»»«  >•••  •*•■ 


Til  not  very  bright,  bot 
emitted  sparka  which 
djuppeared  with  the 
oQcleis ;  the  latter 
separated     into     amall 

I  fngmeotaat  di 


:Uft  a  slight  train 


Uft  I  bright  green  train 
daring  iu  whole  course. 


Uft  i  train  25"*  in  length 


Extremely     rapid,      and 
ntber  faint. 


I^engthof 
Path. 


W 


17* 


12** 


10* 


18< 


13* 


20°  while  in 
sight. 


15^ 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


From  Cassiopeia 


/ 


Perpendicular  from  Cas- 
siopeia. 


I 


Rrom  Cassiopeia 


From  /3  Cassiopeia 


i 


From  Cassiopeia 


/ 


Directed  from  if  Leonis 


From  Cassiopeia 


/ 


Remarks, 


[The  north  declination 
at  disappearance  is 
apparently  in  error.] 


Came  into  Tiew  from 
behind  a  house  and 
gradually  disappeared. 


Increased  from  a  2nd 
mag.»  to  larger  than 
Sinus;  drew  a  smoke- 
like Uil  which  disap. 
peared  with  the  me- 
teor. 


Observer. 


J.  B.  Clark. 


Id. 


Id. 


Id. 


S.  Thomson. 


J.  E.  Clark  and 
A.  C.  Marriage. 


J.  E.  Clark. 


J.  E.  Clark  and 
A.  C.  Marriage.' 


W.  H.  Wood. 


J.  B.  Clark  and 
C.  Barclay. 
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KBPOKT— 1867. 


Date. 


1866. 
Dec.  8 


Hour. 


h  m    8 
9  37  p.m. 


8  10  43  p.m. 
10   5  28  p.m. 

10   5  28    3 

p.m. 


10 


5  42  30 
p.m. 


10 


6  49  p.m. 


10 


7    1  p.m. 


10 


7  10  p.m. 


10 


10 


8  41   p.m. 


9  20  p.m. 


Place  of 
Observaiion. 


York 


Blrmiiigham    ... 


York 


Ibid 


Ibid 


Ibid 


Ibid 


Ibid 


Ibid 


Ibid 


Apparent  Size. 


sl8txpag.«. 


cist  mag.*    

:3rdmag.»   

s 3rd  mag.  stars... 


s=sl8t  mag.*. 


-  one-eighth  dia- 
meter of  full 
moon. 


^n 


l8t  mag.*. 


]8tmag.«. 


:3rd  mag.« 


Colour. 


Yellow 


Ruby-red  ... 
Bright  yellow 
Dull  red  


YeUow 


Pale  yellow ... 


Bright  yellow 


YeUow 


Yellowish    ... 


YeUow 


Dontioii, 


mi 


One-tenth 
while  in  sigbtr 


1*5  second  ... 
1  second  .... 
I  second  •••• 


to    a 


Tim  f 

to?0 

to    4 

TtmSl 

to    i 


i  second 


^  second  •••••• 


J 


Am 

to  SI) 


1^  seCy   Tcry 

slow. 


to     S 


to  \^\ 


{second 


(0    Sii 


FhvB 


i  second 


One  -  tenth 
second; 
almost    in* 
stantaneoQS. 


ProB  *' 
to    ^ 


\ 
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ifpeinmce ;  Tnin,  if  any, 
tad  its  Duration. 


Left  a  dight  tnin 


Ldtatiaiii 


^  meteor  appeared 
;  to  consist  of  5  meteors 

^07    close    together; 

» that  A  drde  of  20' 
;  of  dimeter  would  haye 

eociosed  all   of  them. 

It  moved  in   just   the 

ame    path     as      the 

htt. 

Left  a  slight  tnun  


45' 


45' 


left 


*  peen   train    for 


^  »  "light  train  which 

*«PP«red  with     the 
>W«or. 


Length  of 
Path. 


12« 


8< 


40' 


12* 


8< 


Direction ;  notiug  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


From  Cassiopeia 


/ 


Directed  from  Castor. 


Directed  from  Castor ... 


From  the  Pleiades 


From  Castor 


^ 


From  Cassiopeia 


Remarks. 


Crossed  the  zenith 


Crossed  the  zenith 


Moved  in  a  curve 


Clouded  view 


Observer* 


J.  E.  Clark. 


W.  H.  Wood. 


J.  B.  Clark. 


Id. 


Id. 


A.  C.  Marriage. 


J.  E.  Clark  and 
A.  C.  Marriage. 


J.  E.  Clark, 


Id. 


A.  C.  Marriage. 
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xsramv— 1867. 


Date. 


Hoinr* 


Place  of 
ObterratioiL 


1866. 
Dec.  lot 


h  m    B 
9  20  1ft 
p«ni« 


10 


0  91  p.iii. 


10 


11  25  p.in. 


10 


11  37  pjn. 


11 


12  48  a«m. 


11 


6  48  p.iD. 


11 


6  27  p.111. 


11 


York 


Ibid 


Ibid 


Ibid 


Ibid 


Ibid 


Ibid 


7    2  p.m.ibid 


11 


7  14   p,iii.  Ibid 


11 


7  29  p.m.  Ibid 


Apparent  Site. 


>  3rd  mag.* 


c3td  mag.* 


=? 


»l8tmag.«. 


3rd  mag.* 


alttmag.« 


H 


>2nd  mag.* 


Itt  mag.ff . 


Cdlo«r. 


Tdkiw 


Yellow 


One-dghtii 
aceond; 
moderate 


Blnisb  wbite.^ 


Wbite 


Yellow 


Yellow 


YeUow 


YeUowisb 


Yellow 


DnxalioB. 


laat. 


to    S 


Rvi  m 

to    6j 


I 


1  aeeond,  Terj 
alow* 


1  leoondf  alov 


Fraad 
to  lii 


Ytm  lU' 

to  m 


i  second 


IJ  see.,   roj 
slow. 


to  lil 


One  -  eigbth 
sec,  rapid. 


1  second,  slow 


to  Si\ 


Fr«B45i  j 
to  4^^ 


to    *^ 


■q  seCaf  rapid.  • 


}  second .... 


ft-** 

(0  i^'' 


A  CATAXiOOTTB  OV  OBSBBTAnoWB  OV  LUUIN01T8  HBTXOSS. 
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Affenooe;  TniB,if  any, 
andiuDiirmtioB. 


Length  of 
Path. 


3* 


>•••  d 


2*», 


11< 


^>«v2redtaflatthe  end 
.  (^iu  coane,  which  dis- 
;  iRpeired  with  it. 


15* 


13^ 


13* 


^  I  slight  train 


^t  slight  train  


15* 


30* 


Direction ;  noting  also 

whether  Horizontal, 

Perpenfticular,  or 

Inclined. 


Fnm  Caaabpda 


\ 


Remarka. 


Fifteen    meteors    seen 
between  11  and  12 
o'clock,  mostly  radi 
ating  from  Castor. 


Obserfcr. 


■AHM^Bi^A. 


A.  C«  Marriage* 


Id. 


T.  H.  Waller. 


Id. 


D.  Marriage. 


Very  misty  sky  with 
cirri,  which  it  illumi- 
nated to  the  breadth 
of  2°  or  3". 


J.  E.  Clark. 


Id. 


J.  E.  Clark  and 
A.  J,  Crossfield* 


A.  J.  Crossfleld. 


J.  E.  Clark. 
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&EPORT — 1867. 


Date. 


1866. 
Dec.l2 


12 


12 


12 


12 


12 


12 

12 
12 


12 
12 


12 


Hour. 


h  m  I 
Morning  ... 


5  41  p.m. 


7  29  30 
p«m. 


7  33  p.m. 


7  38  p.m. 


7  42  p.m. 


7  47  p.m. 

7  48  p.m. 

8  4  p.m. 


8    5  p.m. 
8  10  pjn. 


8  10  p.m. 


Place  of 
Obserration. 

Kishnaghur, 
India. 

York    

Ibid 

ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 


Apparent  Size. 


Bright  meteor. 


Ut  mag.*. 


!2nd  mag.» 


lBtmag.4t. 


3rd  mag.« 


«3rdmag.4t 


l8tmag.4t. 


2xCapella  ., 
'3rd  mag.« 


iMara    .... 
>  Ist  mag.*. 


'3rd  mag.» 


Colour. 


Yellow 


White 


White 


Light  yellow.* 


Yellow 


White  , 

White  . 
Yellow 


Blue    . 
Yellow 


Reddish 


DnratioB. 


^  second,  toj 
rapid. 


i  sec.,    quick 
motion. 


JseCy  alow... 


i  sec.,  rapid... 


i  sec.,  rapid... 


i  second 


i  second 

I  second,  slow 


1^  second 
1  second  . 


Shocuai 
froc  • 
toKt 

•     • 


«a 


to    » 


Fran  yti 
to     H 


Prtn  I!* 
to    fM 


to  W^ 


to  2<«- 


I  second 


Fron  *T 

to  m4 

Pros  7f  "• 
to    » 

to  1» 


RIB  ^A 

to  31M 
to  »»*« 


to    *'  '" 


I J  ■  ■  *. 


1 
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ipfeanace;  Tndii,ifany, 
and  its  Dontion. 

Length  of 
Path. 

Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remarks. 

Obsenrer. 

l^tknr  tnin.. ....•«-••* 

S.  to  N.;   qnite  across 
the  principal  radiant 
region  for  the  night. 

See  Appendix  IV.,  8  ... 

W.  Masters. 

J.  E.  Clark. 

A.  K.  Brown. 

J.  E.  Clark. 

A.  J.  Crossfleld. 

J.  E.  Clark  and 
A.  J.  Crossfleld. 

Id. 

T.  H.  Waller  and 
A.  C.  Marriage. 
Id. 

Id. 

J.  E.  Clark. 

A,  J,  Crossfleld. 

12^  

1 
1 

15®  

/ 

r 

1       

iLcft  I  r^  traiii  •••••• 

3<> 

/ 

IS*  

/ 

• 

40**  

/ 

Two  minntes  later  two 
meteors,  3rd  magni- 
tude, from  Caasiopf  ia 
towards  Capella.  (A. 
C.  M.) 

Fite  others  in  fiye  mi- 
nntes abont  the  same 
time. 

Two     other     meteors 

nearly  at  the  same  time. 

Two  other  meteors  at 
abont  the  same  time. 

•M*  •••■•••••••••••••«  §•••••••••■ 

7® 

/ 

110    

12*  

Left  a  bright  green  inin 

for  a  abort  time. 
Left  a  slieht  train  

15"  

30**  

Inclined 

Directed  from  Castor ... 

Grew  gradually  fainter.. 

This  and  the  last  were 
seen  at  the  same  mo- 
ment. 

10°  
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siPOR'^^^1867. 


Date. 


Hour. 


1866. 
Dec.  12 


h  m 

8  13  p.m. 


12 


8  23  p.m. 


12 


9    1   p.in. 


12 


9    6  p.in. 


12 


9    9  pjn. 


12 


9  12  p.m. 


12 
12 


9  U  pjD. 
9  24  p.m. 


12 


9  27  p.iD. 


12 


9  58  p.m. 


12 


10  63  p.iD. 


Pltceof 
Obiervition. 

York    

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 


nirmingbam    ... 


Apparent  Slxe. 


>3id  mag.tt  «••.•• 


=  9 


=  l»tiiiag.«. 


=3rd  magj» 


=  9 


:2ndmag.«  «, 


=  9 


:  one-«ixth  appa- 
rent diameter  of 
tbe  moon. 


Apparent  diameter 
4'. 


=1  at  mag.*. 


=:4th  mag.« 


Coloiir. 


Orange  colow  ^  aeoond 


Firtt  yellow, 
tben  green. 


Yellow 


Wbite 


Dnll  jeUow. 


Red 


Bine    .. 
Dnll  red 


Dnll  yellow ... 


Red 


Blue 


Dontion. 


1^  aecy  alow. 


fnm 

to 


fVM' 

to 


One-tentli  aee.^Abooti 
wlule  in  aigfat. 


1  second 


i  tec.,  rapid... 


cs 

frmm'' 

to 

2:r 

ftm 

:!■ 

to 

ISii 

Ron  11*'' 
to   W- 


1  second .. 


I^  sec,  Teiy 
alow. 


i  second 


i  sec.,  rapid... 


0*5  second  ... 


to   2fc  + 

fnm  «^^ 

to  »•* 


Ron  «v-* 
to   2M' 


fton    ^'* 
to    tt' 


Fran 


.TI.J 
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Ifpnitooe;  Train,  if  any, 
iod  its  Duration. 


* 


1  slight  train  in  the 
niddle  of  its  ooone. 


b  the  tint  half   of   iU 

fiMne  equal  4th  mag 
Bjtude  itar,  then  and 
kalf    brigfatei^     up 
ud  diaappnred    aud- 


m*M> 


hrev 
vbj 


a   yeDowiah    tail, 
vbidi  disappeared  "with 


Length  of 
Path. 


10' 


li<*  while  in 
sight 


10* 


Direction ;  noting  also 
whether  Horizontal, 
Perpendicular,  or 
Inclined. 


Almoil  Hvp^^v^- 


Perpendicular 


14* 


^aiUght  train 


^^^gneboloiia 


10* 


17^ 


15* 


Remarks. 


Path  iUg^tlj  enrtod  ••• 


Obserrer. 


W.  Malone  and 
A.  K.  Brown. 


J.  B.  CUrk. 


R.O,B«rd«y. 


Id. 


Although  large  in  appa- 
rent size,  it  gave  very 
little  light. 


R.6.Bareia7and 
A.  C.  Marriage. 


R.  G.  BaitUy. 


Id. 

J.  B.  Clark. 


R.  6.  Barclay. 


Seen    through     pretty  J.  B.  Clark, 
dense  doads. 


Sky  clouded;  at  10.30, 
clearing;  at  10.50, half 
cloudy. 


W.  H.  Wood. 
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BEFOBT — 1867. 


Date. 


1866. 
Dec.  12 


12 

12 

13 

13 
13 


13 


13 


13 


13 


13 


13 
13 


Hoar. 


Place  of 
Obsenration. 


h  m    8 
10  54  p.m. 

10  56  p.m. 

11  42  p.m. 

12  5    3 
a.in. 

12  24  a.m. 

5  19  p.tiL 


5  44  30 
p.m. 


7    2  p.m. 


7    8  p.in. 


7  43  30 

p.ID. 


7  59  p.m. 


8    9  p.m. 

8  13  30 
p.m. 


Binniiigham   ... 


Ibid 


Ibid 


Ibid 


Ibid 


York 


Ibid 


Ibid 


Near  York 


Ibid 


Ibid 


Ibid 
Ibid 


Apparent  Size. 


= 1st  mag.*    ....I 

Brighter   than  Ist 
mag.*. 

=  Siriua 

Brighter   than  Ist 
mag.«. 

Brighter  than  1st 

mag.*. 
=3rd  mag.«    

=3rdmag.4t  •••.. 

=  l8tmag.« , 

= Ist  mag.*.. ..••., 

=2ndmag.»  ..... 

=3rd  mag.«    

=2nd  mag.«   ..,.< 
=2ndmag.«  ..... 


Colour. 


Blue    . 

White  . 

White  . 

White  . 

Orange 
White  . 


White 


White 


White 


Yellow 


White 


White 


White 


0*5  second  ... 

0*5  aeoond  .- 

0*25  second... 

1*5  second  ... 
i  sec.y  npid... 


I  second 


Dnrslion. 


0*5  second  ...mhbi 


U 


fnm  B> 

to 


Fnia 
to    1^1 


ftwafli 

to  m 


1  second 


to  2S7 


i  sec,  FSind... 


i  second 


ftso*! 

eistivi 


^second 


neirtl^' 


to  » 


Ftto  ^' 

to    sr 


I  second 

i  second  ...... 


to  240 

From  M" 
to    W 
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fpeanact;  TiiiD,if  any, 
aaditsDuiitioii. 


^wtnui 


'••••••«••••••••••••••••••• 


Leng^th  of 
Path. 


W 


W 


15* 
12' 


2&0 


tft  1  slight  train 


10* 


10< 


20< 


dp 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Directed  from  «  Gemi- 
norum. 

Directed  from  Cutor ... 


Directed  from  i  Gemi- 
norum. 

Directed  from  Pollux ... 


Directed  from  Pollux ... 


i 


/ 


\ 


y 


Remarks. 


Obsenrer. 


Meteors  very  frequent. 
One  per  minute.  Un- 
assisted obserrer. 

View  clouded :  sky  four- 
fifths  cloudy ;  over- 
cast at  IP  p.m. 

Sky  four-fifths  cloudy ; 
clear  in  zenith  only; 
overcast  at  11*  55". 

Sky  one-fourth  cloudy, 
with  fine  rain. 

Sky  three-fourths  cloudy 


W.  H.  Wood. 
Id. 

Id. 

Id. 

Id. 

J.  E.  Clark. 


A.  K.  Brown. 


J.  E.  Clark. 


C.  Brightwen. 


A.  K.  Brown. 


Id. 


J.  £.  Claik  and 
A.  K.  Drown. 

F.  Bewlcy. 


^^o7. 


-f 
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RKPORT'— 1867. 


Date. 


1866. 
Deo.  IS 


13 
13 


Hoar. 


h  ni 

8  18  p.m. 

8  23  p.m. 

8  35  p»iD. 


13 


9  30  to 
9  50  p.ni. 


13 


11  45  p»m. 


14 


II  65  p.m. 


15 


16 


5  23  p.m. 


16 


Place  of 
Observation. 


York 


Ibid 
Ibid 


Dirmiugham 


Ibid 


Alderley  Edge, 
Chesbire. 


6  80  p.m.  Brest,  France  ... 


York 


5  26  p.m.  Ibid 


19 


6  27  p.m. 


19 


6  30  p.m. 


Ibid 


Ibid 


Apparent  Size. 


«>3rdinag.tt 

••2ndmag.e 
B21mag.«.. 


»2nd  mag.« 


Veiylaise  ««•#•• 


.«. 


Lai^e  iirebaU 


=l8tmag.e. 


» 1st  mag.«. 


»2nd  mag.« 


s2ndmag.4t 


Colour. 


WUte 

Yettow 
White  , 


^iee.,Tafid... 
i  second .... 


Kadens  dark.. 


Rainbow 
oolouni. 


YeUoir 


Yellow  .M 


Yellow 


YeUow 


Dmnatioi. 


(soeond .. 


1*5  second  .. 


to  ;4 

to  IS 

FneSfi 

to    0 


talH 
toai 
Donk 


•t.**«»tt«..**i*** 


About  2 


i  secy  rapid... 


I  second 


a 


to  ^^ 


i  second. 


••••• 


^  second  •••••• 


to   !•' 
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S  Train,  if  any. 


paw>«**»i 


iiftatltgfattnin 


Lensth  of 
Path. 


8* 


Nni  ipparently  non- 
'la&iaongy  but   seen  in 


irA    a     speck     of 
^    Gradually  grew 

^pT,  drawing  a  fan- 
*^ed  tail  of  BparlcB. 
Bsnt     at      mnximnm 

Hgktjiea. 

*^viihaflaab  at  dis- 
'»P?csnnce. 


^  s  train  for  2  acconds.. 


20' 


10*= 


Direction;  noting  also 

whether  Horizonta], 

PerpendicalaTi  or 

IncHned. 


Deserihed  two  equal 
curvee  or  undulations : 
see  drawing. 


\ 


Shot  at  an  angle  of  45* 
across  the  sky. 


Prom  S.E.  to  N.W. 


/ 


7 


Remarks. 


Clear  fine  night.  No 
meteors  seen  in 
twenty  minutes. 
Fine  display  of 
Aurora  Borealis  with 
streamers,  in  the 
N.N.W. 


Ohservcr. 


F.  Bewley. 


A.  K.  Brawn. 
J.  E.  Clark. 


W.  H.  Wood. 


Id. 


^  tt 


A*- 5®  45' 
xy^l  SO 
PoUowed  by  a  lond  de- 
tonation. Illuminated 
the  district  for  miles 
round.  Seen  also  at 
Rusholme. 


Two  similar  meteors 
near  the  same  place 
and  nearly  simulta- 
neous. 


A  similar  one  near  to  it 
ten  seconds  before. 


S.  Lavey  and  W. 
W.  Chambers. 
'  Manchester 
Courier.' 


M.  Kumarec,  Les 
Mondos,  2nd 
Sen,  Tol.  xiii 
p.  23. 

A.  K.  Brown  and 
J.  E.  Clark. 


Id. 


Id. 


Id. 


ii  A  2 
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KEPORT — 1867. 


Date. 


1B66. 
Dec.  19 


19 


22 


23 


24 
28 
29 


29 

29 
31 


31 


31 

31 

18C7. 
Jan.    2 


Hour. 


h  tn 

6  30  p.m. 


6  48  p.m 


6  30  a.m. 

7  14   p.m. 


7  27  p.m. 
5  48  p.m. 
7  57  p.m. 


8  15  p.m. 

9  30  p.m. 
8  30  p.m. 


8  31  p.m. 


9  15  p.m. 
9  20  p.m. 


Prom  11  to 
11  45  p.m.j 


Place  of 
Observation. 


Street 
(Somerset). 


York 


Falmoath 


West  Hendon, 
Sunderland. 


Ibid 


Street 
(Somerset). 

West  Hendon, 
Sunderland. 


Street 
(Somerset). 

Birmingham    .. 

Ibid 

Ibid 

Cheshire 

Ibid 

Ibid 


Apparent  Size. 


=? 


= 1st  mag.*. 


2ndmag.« 


As  bright  as  Venus 
at  its  brightest. 


=2nd  mag.* 


Ist  mag.«. 


>3rd  mag.« 


Ist  mag.*. 


2nd  mag.« 
2nd  mag.« 


=^d 


mag.« 


»3rd  mag.« 


«3rd  mag.« 


ss  3rd  mag.» 


Colour. 


YeUow 


Yellow 


Reddish 

yellow. 
Pale  yellow.. 


Orange 


White 


Bluish 


Green 


Pale  blue 
White  ... 


Wliitc 


Reddish 
Reddish 
Ileddiah 


Duration. 


2  seconds    ... 


Position, 

Altitude  I 

Azimutl 


^second 


3  seconds 
1  second . 


i  sec.t  slow  •*. 


I  second 


1*5  second  ... 
1  second 


Fh>m     5  H 
to       0- 


From  151N 
to    149  H 


Prom2(Kf- 
to    220- 

Passed  i""  si 
Arietis; 
pearing 
midway  b< 
a  Arietis 
Pegssi. 


Disappesred 
(^,  0  Dr* 

From  29^*-! 

to    278 -f 
Appesred  b 

Cygni. 


5  seconds. 


0*5  second  ... 


From  30'H 
to     5H 

From  51"  H 
to    44  - 

From  20"- 
to    352  • 


Fh)m  HOI*' 
to    101* 


From  BCU 
joris,  hill 
Procyon.! 

From    If  J 

to    r   9 

rura.     J 
From  i3  to* 
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yniuee;  Train,  if  any, 
lad  in  Dontion. 


iMtnin 


Albright  greeidtli  tnin 
br  &  lecondi,  fading 
ina  the  ads  towards 

ik  centre. 


fappetred  inddenly. 
H  t  long  faint 
taafbrotdot  in  the 
^t,  and  diseon 
■KtdfrDm  the  head, 
*^h  nmained  Tisible 
ilK»t  1  second  alter  the 
ktihidTanished. 

r 


Length  of 
Path. 


70* 


15^ 


At  least  ^O"" 


It 


I  diort  trahi  !<"  in 


10* 


10" 


12* 


Biioini 


tnin 


10* 


L 


8- 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


/ 


8^orl0«... 


Directed  from  |  (Z  Dra. 
conis,  y  Ursas  Mi 
noris). 


Inclined  70*^  to  vertical, 
dofinwardi  to  left. 


Directed  from  •  Tauri. 


I 


From  Radiant  M^, , ;  or 


K,. 


From  Radiant  M|,  , ;  or 


I^rom  Radiant  M^  , 


Remarks. 


Obsenrer. 


W.  S.  Clark. 


J.  E.  Clark  and 
R.  G.  Barclay. 


C.  Barclay. 
T.W.  Backhouse. 


J.  E.  Clark. 
T.W.  Backhouse. 


J.  E.  Clark. 


W.  H.  Wood. 
S.  S.  Clark. 


E.  0.  Clark. 


R.  P.  Greg. 

Id. 
Id. 
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BEFOBT — 1867. 


Date. 


1867. 
Jan.   2 

2 

2 


8 


a 


16 


24 
24 

30 


Hour. 


h  m 
Prom  U  to 
11  45  p.m. 


About  5  45 
p»ii]* 


About  .5  50 
p.ni. 


About  8    0 
p.m. 


8    8  p.m. 


7  25  a.m. 


B  46  p.ni. 


8  52  p.m. 


7  45  p.m. 


Place  of 
Observation. 


Cheshire 

Ibid 

Ibid 

Ibid 


Ibid 


Street 
(Somerset). 


Ibid 


Ibid 


Ibid 


Falmouth 


West  Hendon, 
Sunderland. 


Ibid 


York 


Apparent  Size. 


=2nd  mag.* 
=3rd  mag.« 
=2nd  mag.« 
^3rd  mag.« 

=3rd  mag.* 


=:litmag.«. 


=;:l8tmag.«, 


s=2nd  mag.tt 


=2nd  mag.« 


:2nd  mag.* 


:2nd  mag.* 
:2nd  mag.« 
:  1st  mag.*.. 


Colour. 


Red 


White 


White 


White 


reUow 


Dnratkni. 


0-8  second  ,„fam?a 
Ckst. 

I  second Froc  S 

ndsu 

0'5  second  ,„ltmt 

3*75  aeeond. 


1  second Ncsr  tk 

beoa 


1  second  ..'... 


FhnCii 

Tim 


I  scooDd I&titS] 


i  second 


Orange  colour 


Deep    orange 
colour. 


White 


Nearibc: 


1  second,  mxj 
rapid. 


to  1^ 


1^  second 


I* 

ffoa  ^■ 
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3^ 


IppeaiBnee;  Train,  if  any, 
and  its  Duration. 


L 


aflaeindii  •••. 


Idt  no  train 


LeDg:thof 
Paih. 


10* 


10* 


15* 


10^ 


i(f 


W 


25**^ 


Direction;  noting  aho 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Rnom  Badianl  K, 
Prom  Radiant  K, 
From  Radiant  K, 
Prom  Radiant  K, 

Prom  Radiant  K, 


Remarks. 


Observer. 


I'-V 


/ 


Prom  the  Pleiades 


The  display  on  this 
night  very  inferbr 
to  that  of  the  2nd 
of  January  1863, 
firom  11^  pan.  to  1^ 
30"ajn. 


Two    almost    sironlta- 
neouB. 


From  8.30  to  8.45  p.m., 
eight  meteors  seen 
at  Bridport. 


R.  P.  Greg, 

Id. 

Id. 

Id. 

Id. 


S.  E.  Clark. 


Id, 


id. 


J.  E.  Clark  and 
T,  Stevens. 


E.  Barclay. 


T.W.  Backhouse, 

Id. 

A.  K.  Brown. 


su 


REPORT — 1867. 


Date. 


1867. 
Feb.  3 


8 


22 


24 


28 


Hour. 


h  m    8 
7  34  p.m. 


8  14  30 
p.m. 


8  18  p.m. 


9  29  30 
p.ni* 


9  35  p.m. 


8  1  15 

p.TD. 

9  56  p.m. 


9  25  p.m. 


9  50  p.m 


28  10    0  30 
p.m. 


Place  of 
Obterration. 


West  Hendon 
(SunderlaDd). 


York 

Ibid , 

Ibid 

Ibid , 

[bid 

Ibid 

Ibid 

Ibid 

Ibid 


»l8t  mag.« 


Apparent  Size. 


■  Ui  mag.tf,  then 
gradually  less 
until  it  disap- 
peared. 


Istmag.^. 


=s  Sirius 


■         >  •  ■ 


=  2ud  mag.* 


=3rd  mag.« 
slstmag.tt., 


=  1st  mag.*. 


=  l&t  mag.«, 


Ibt  mag.« 


Colour. 


Yellow 


Dull  red 


Bright  red  ... 


Red 


Blue 


White 


Bright  white... 


Bright  blue... 


White 


Duration. 


Poaiiior. 

Altitude  a 

Azimutl 


0*5  second  ... 


1  seeondi  ?ery 
slow. 


2*5  seconds ... 


0*25  sec.,  rapid 


0*7  second  ... 


I  sec,  pretty 
slow. 


9*25  second,,. 


At.  first  seen 
p  Tauri. 
the    head 
appeared, 
taU  still  E 
on ;      and 
went  dose 
a    Arietis, 
a    few    de 
further. 
•=    ^ 

Finom212^+! 
to    220 +: 


ftom  ir+j 

to      38+! 


ftom  69**  +1 
.  to    7li  +1 


From  10S<> 
to    100 


Fh>m  lOd^'+B 
to    100+3 

Fromll3°+5 
to    110- 


F^m  80'  +2 
to    80   +2 


Q*5  sec.  I  rapid 


07  sec.|  slow 


From  105"+4 
to     90  -« 


From  lOO^l^ 
to     9b  -* 
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l^peuince ;  Tnin,  if  any, 
and  iu  Duratioii. 


pet  a  long  bine  train, 
broadest  at  the  head; 
tfter  the  head  went  out 

I  the  tail  atill   advanced 

I  fot  gradually  grew 
{&Bter  and  disappeared 
It  did  not  remain  after 

I  ka  foremost  estremitv 

\\  eeued  to  move. 


Length  of 
Path. 


At  least  50^ 
inclnding 
the  path 
of  the  tail 
after  the 
head  dis- 
appeared. 


Left  red  sperka  in  the  last 
U^  of  its  coarse,  which 
sooB  disappeared. 


■••« 


^^7  disappeared  in  the 
Euddle  of  its  coarse. 


^00  train 


10" 


8* 


17* 


Direction;  noting  also 

whether  Horizontal, 

Perpendicalar,  or 

Inclined. 


i 


/ 


Moved  in  a  curve  thus — 


\'^' 


/ 


Directed  /rom  Mars 


From  Procyon, 


t 


Remarks. 


A  singular  appearance 
was  presented  by  the 
headless  meteor 
shooting  along,  such 
as  I  never  saw  before. 
The  meteor  went  per- 
haps 20°  after  the 
head  disappeared. 


Seen  through  clouds ;  a 
misty  evening. 


Seen  through  clouds  ... 


Motion  apparently  im 
peded  as  if  forcing  its 


way. 


Observer. 


T.W.  Backhouse. 


J.  E.  CUurk. 


Id. 


Id. 


Another    very    similar  Id. 
meteor  at  right  angles 
to  it. 


£ight  other  meteors  in 
a  short  time  seen 
before  this  one. 


J.  E.  Clark  and 
T.  H.  Waller. 

J.  E.  Chirk. 


Id. 


Id. 


Id. 
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Date. 


1867. 
Mar.  4 


Hour. 


h  m    8 
8    0  p.ai. 


9  27  p.m. 
7  48  p.m. 


24 


24 


7  43  p.in. 


8  12  p,m. 


24 


8  14  p.iD. 


25 


26 


8  35  p.in. 


8  12  p.DJk 


27 


8  14  30 
p<in. 


27 


9  15  p.iD. 


31 


8  37  p.m. 


Place  of 
Obsenration. 


Highlands  of 
Sootland. 


Yoik    .. 
Ibid 

Ibid 

Ibid 

Ibid 

Glasgow 
York    .. 

Ibid 

Ibid 

Ibid 


Apparent  Size. 


Brighter  than  Ve- 
noa. 


a=2nd  mag.tt 


=  ? 


=Sirias 


=2nd  mag.tt 


=2nd  mag.« 


=2nd  mag.4t 


=  Ut  mag.t 


=3rd  mag.« 


sUtmag.tt. 


= lit  mag.* 


Colour. 


Bluiih 


Bright  blue 


Red 


Red 


Yellow 


White 


Orange  yellow 


Red 


White  .„ 


White 


Yellow 


I     Phm 
Duration.   ,    AliiM 


«^^~^-H 


I    see.,    WT'Kotivd 
quick. 


0*5  aeoond  ... 


«i 


alow. 


to    U 
to    (i 


2  aeconds    ...'fnci^ 
to  19 


0*7  sec,  iIowm  ftm^ 

to  m 


1   sec,    slow 
motion. 


2*7  seconds .. 
2  seconds    ... 


Froo23t 
to  fli 


0*2  aec,  vary 
rapid. 


1  sec,  rather 
slow. 


0*4  second 


joristi 
todii 

to  i:< 


to  ^^ 


to  11* 


•"   to  I2i' 
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Lppearuice;  Train,  if  any, 
and  iti  DuiatioD. 


Snike  Teiy  distinctly  into 
seTeral  small  pieces, 
when  it  disappeared. 


Drev  a  tail  of  red  sparks 
r  lon£^. 


!L^  a  bine  tnun  gradaally 
fadiag  along  its  whole 
length  togeuer. 


Uft  no  train  or  sparks 


Left  a  red  train  2^''  long.i 


I . 


Length  of 
Path. 


W 


15* 


40* 


22< 


15* 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


/ 


horizon. 
From  Aldebaran 


/ 


Prom  N.E.  to  zenith  ... 


Directed  from   i  Vir< 
ginis. 


Remarks. 


Fine  clear  night  i  stars 
extremely  bright. 

At  first  eqnal  1st  mag.«, 
then  brightened  np 
to  its  foil  size. 


J.  E.  Clark. 
Id. 


Faded  gradaally 


Observer. 


J.  Clarke. 

Communicated 

byA.S.Her8chel. 


J.  E.  Clark  and 
F.  Bewley. 

Id. 


F.  Bewley. 


A.  8.  Herschel. 


F.  Bewley. 


J.  B.  aaric. 


A.  C.  Marriage. 


J.  E.  Clark. 
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DaU. 


IB67. 
Mw.31 


Hour. 


h  m    B 
9  U  30 


PUoeof 
Obsenratioii. 


Yoik. 


31   $  13  fJi/lM 

I  ' 

!  ! 

I 


Apparent  Size. 


=3rd  mag.« 


.=3id 


:-♦ 


i      ' 

I        2S  9  27  p.m 


29 
29 
29 

29 

29 

30 

May  1 

1 

1 

1 

1 

1 
1 

1 


10  80  to 

11  45  p.m. 


10  10  p.m. 
U  18  p.m. 

11  40  p.m. 
11  35  p.ro. 
11  30  p.m. 
11  46  p.m. 

lltol2p.iD. 


12  20  a.ni. 
10  12  p.in. 


10  24  p.m. 


Ibid 


Preatwich,  Man. 

Chester. 
Ibid 


Ibid 

Ibid 
Ibid 
Ibid 
Ibid 
Ibid 
Ibid 
Ibid 
Ibid 

Ibid 

Ibid 

Ibid 
Ibid 

Ibid 


Colour. 


White 


Yellow 


=latnag. 


V«..4 


=ltt  mag.* 


:  lit  mag.* 

:4th  mBg.» 

:5th  mag.tt   


:4th  mag.*   ..... 
:3rd  mag  •    ..... 

:3'5  mag.«    

:lttmag.tt 

:2nd  mag.*  

:6th  mag.«   

:3rd  mag.*   ..... 
:2V  diameter   .. 


:3rd  mag.ip 

:l8t  mag.« 

:2nd  mag.* 
:limag.« 


=3rdmag.tt   ...... 


Red 


Vellow 


Dnratioa. 


ron« 

Azltt 


0*2  aecy  rapid*         ■» 

FnnlS 
(0   U4 


0*2  aee.,  rapid 


fnmW 

to   Ifi 


2|  seconds, 
extrcmelj 

•low. 


0*25  aec,  Terj 
npid. 


Fhn  )lt 
to   HI 


White 

OoU  white  .,. 
Dull  white  ... 

Dull  white  ... 
Dull  white  ... 
Dull  white  ... 

White 

White 


Bluish  green. 

r 

Dull  white  ... 
rWhite 


fnml 
to   K4 


i 


0'5  second  ...Ze«hh....« 


0*8  second  ...Frtn  •  ^ 

tocTdd 

0-4  second  ...Toi{ei.3 

biifviri 

CiBcn. 
1  second Frtn.^i^ 

0-75 second...  Fmn  ^^ 

cLecftis. 

0*5  second  ...  ftonun* 

HBooa 

0*5  second  ...AtrVi-ps 

0-5  second  ...'From T Ha 

0-2  second  ...jftw"  *  ^ 

0-5  second  ...i^'-'y* 
,    tUotsu 

0-7  second  ...iCcwoe*^ 
i  second 


Bluish  white... 
Vivid  white ... 


Reddish  white 


Herciild> 
i  second Wf^^ 

0*5  second  ...H^'O^*' 

1  second From    f 

Miaom 

Caaoi- 

i  second Dinppf*^ 
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ijfeanoee;  Train,  if  any, 
iDd  iti  Duntioii. 


Length! 
Path. 


Uftitlighttrain 


iieiiish  of  rather  dif- 

•n>tl|ti|  ,,. 

,  •••••••••■••••••  . 


t  flttii   of  diffused 

light. 


KodeUlike 


V 


^^*  •light  ui'n 


2^ 
2^ 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


/ 


i 


\ 


Radiant  M^,  g,  at  9  Ursse 

M^joris. 
8  6.,  Radiant?  


Y  or  S..  Radiant. 


'5» 


S5,  Radiant,  at  i  Vir. 

ginis. 
Mt,  9,  Radiant     

T, Radiant?    


SG, 

S5(e) 


Y,  Radiant      Directed 
from  0  Leonis. 

Directed  from  a  LyiK, 

Radiant  Q^  (?). 
Radiant  SO 


?  Q    

RaJiant'w. 


Directed   from   y  Le- 
onis ;    Radiant    Y 

(?). 


Remarks* 


Brightened  and   faded 
away  several  times. 


••••■■■•••••••••••••••.••••••« 


Most    beautiful;     mo- 
mentary train }  bril 
liant. 


Obscnrer. 


J.  E.  Clark. 


Id. 


Id. 


Id. 


R.  P.  Greg. 

Id. 

Id. 

id. 
Id. 
Id. 
Id. 

Id. 
Id. 
Id. 
Id. 

Id. 
Id. 

Id. 

Id. 

Id. 
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Date. 


1867. 
May  5 


7 
7 
8 
Jnnell 


Hour. 


July  30 
30 
30 
30 
30 

31 
31 
31 
31 

31 
31 


h  m 

10  27  p.iD. 

10  43  p.m. 

7  50  p.m. 


11    0  p.m. 

11    5  p.m. 

10  to  11  p.m. 

8    0  p.m. 
(Paris  lime.) 


10  10  p^m. 

10  30  p.m. 

10  57  p.m. 

11  0  p^m. 

11  30  p.m. 

12  2  a.m 
12  9  a.m. 
12  20  a.m. 
12  25  a.m. 

12  30  a.m. 

12  40  a.m. 


Aug.  2  10  30  to 
12    0  p.m. 


Place  of 
Observation. 


Prestwich,  Man- 
chester. 


Ibid 


Regent's  Park, 
Jjondon. 


Manchester 

[bid 

Ibid 

Paris    


Boulogne    ...., 
Straits  of  Dover 


Ibid 
[bid 


■  UlU   •  .  .  r*«-*  ......  I 


[bid 
[bid 
[bid 
[bid 


[bid 
Ibid 


Prestwich,  Man< 
Chester. 


[bid 
[bid 


Apparent  Size. 


«=3rdmag.« 


H  mag.« 


Two  or  .three  times 
as  bright  as  Ve 
nus ;    very  bril- 
liant. 

sl^  mag.* , 


**2nd  mag.« 


Great  fireball 


2Dd  mag.tt 
:2nd  mag.» 
2nd  mag.li 
3rd  mag.« 
'3rd  mag.* 


Colour. 


Dull  white 


Vivid  wlute ... 


Bright  white... 
Reddish  white 


At  first  yellow, 
then  bright 
green. 


Orange  red  ... 

Wlute 

White 

White 

wyte 


2nd  mag.«   Yellow 

3rd  mag.«    Yellow 

>  2nd  mag.«  Bright  white.. 

Istmag.* White 


3rd  mag.« 
:3rd  mag.« 


=2nd  mag.« 


3rd  mag.«   ...... 

2nd  mag.«  ...... 


Yellow 
Yellow 


White 


White  ... 
White  ... 


Duration. 


Position,  I 

Altitude  ai 

Azimutl] 


i  second 


1^  second. 


i  second 
1  second 


From  61  Urss 
joris  to  0 
onis. 

Prom  h  Ursa 
noris  near] 
^  Cancri. 

First  appeared 
the  mei 
about  15°  i 
the  zenith. 

From  e  to  9 
Otis. 

rromWto/3 
ginis. 


Disappeared  in 

N.N.E.,  aim 
about  35^. . 


1*8  second 
1*5  second 
0*5  second 
0*8  second 
0*4  second 

0*6  second 
0*5  second 
0*7  second 
1*6  second 

0*5  second 
0*6  second 


Disappeared  s| 

LeoDis.       ^ 

From  «  Hercol^ 

B  Cerberi.    , 

From  <r  to  ku 

Majoris. 
Prom  P  Lyre  t 
Ophiocbt     I 
...From  «Tarandi 
}  (M,  P)  C« 
foparai. 
...  From  a  Lyw  W 

Cerberi. 
...  FromK,halfw«J 

^  HercDlis. 
...  From  i  (tit  x)  * 

...FromcCrgm,b 
way  to  a  \ 

phci. 
Commenced  «i 

Aquil«« 
Commenced  a* 

Aquila?* 


0*5  second  ... 

0*2  second  ... 
0  25  sec,  rapid 


Prom  y  ^^  ^^^ 
joris  to  Dcar 

Pootis. 
From  «r  to  c  HA 
culis*  . 

toTii. 
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lee ;  Tnin,  if  any, 
I  tad  Its  Duration. 


Length  of 
Path. 


1  tnm  for  1  teooiid,.. 


iykii 


a  iKght  Uain 


brew 


1  tnta  of  spazkt  and 

i  1^  a  faintly  luminoui 

uiiu  afUr  disappearance 

•  of.  the  nncleus. 


I 


jPrew 
Ma 


a  tnia  of  Md  sparks 
ft  tram  for  ^  a  second 

^noiraui  • 

N'lKkas  a   misty-looking 

I  object 

Mk  ft  stitak  for  }  second 


^  a  Tcry  slight  streak. 

Ua  ft  slight  train  

Uftaotraia  


Kssppeared  suddenly,  left 

no 


1^00  train 
!«ft  no  train 


Matnin 


35* 


U^ 


••I 


12* 


10° 


••i 


Direction ;  noting  also 

whether  Horizontali 

Perpendicular,  or 

Inclined. 


From  Radiant  Mf, , 


RromBadlantW 


From  Radiant  S  G]     .. 
FromRadiftntW    


Left    to    right,   nearly 
boriaontal. 


Directed  from  Lacerta.. 


Path  crooked  and  oacil- 
latlng  at  last. 


Directed   from  e  Del- 

phini. 
Directed  from  Altair  ... 


From  Radiant  Aq 

From  Radiant  Aq 
From  Radiant  Aq 


Remarks. 


In  strong  twilight  |  none 
of  the  brighter  stars 
yet  Tuible. 

•*•*••••••••..•*•■...•••..(••* 


In  one  hour  no  meteors 
seen. 

A  few  minutes  alter 
sunset;  seen  in  full 
daylight.  The  streak 
was  seen  for  an  hour 
at  Basle  and  else- 
where. (See  Ap- 
pendix.) 

Disappeared  gradoally... 


Sixteen  meteors  in  two 
hours  and  ten  mi 
nutes ;     perfectly 
dear  sky ;  no  moon; 
one  observer. 


Ohserrer* 


R.  P.  Greg. 

[d. 

T,  Crumplen. 

R.  P.  Grrg. 

Id. 

(d. 

J.  J.  Silbermann. 


A.  S.  Herschel. 

Id. 
Id. 
Id. 
Id. 

(d. 
Id. 
Id. 
Id. 

Id. 
Id. 


R.  P.  Greg. 

Id. 

Id. 
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Date. 


1866. 
Aug.  9 

9 

9 


Hour. 


li  m     a 


Place  of 
Obsenration. 


10  30   to 
12    0  p.m 


9 


10    9  p.m. 


11  32  p.m. 


11  45  p.m. 


11  46  p.m. 
11  46  p.m. 


9,11  53  p.m. 

Oill  53  30 
p.m. 

11  55  p.m. 


10  12    4  a.m.  Ibid 


Preatfricbi  Man- 
cbester. 


Apparent  Sise. 


—  \i  mag.« 


Ibid 
Ibid 

Ibid 
Ibid 
Ibid 
Ibid 

Ibid 

Ibid 

Ibid 


Birmingham    ... 


Ibid 


London 


Ibid 


Birmingham    ... 


Ibid 
Ibid 

Ibid 


e»3rd  mag.« 
=2ndmBg.« 

=3rd  mag.« 
=2nd  mag.tt 
=  li  mag.tt 
=  H  mag.tt 

»2nd  mag.4c 

=  li  mag.* 

«3rdmair.« 


»  Sirius 


B]straag.#. 

a2|  mag.* 

A]most=sl|^. 
sSiriuB  .... 


—3rd  mag.« 
— 3rdroag.« 


Colour. 


While 


White 


Dull 


Duration. 


0*3  second 


0*5  second 


Position,  0 

Altitude  an 

Azimuth. 


Bright  white  . 
Bluish  white... 


From  8  Vrm 

joris  to  Coi 

roll. 
Prom     9     tc 

Bootis. 
...'FromdCustod 

T  Cephei. 


Yellow 


Blue 


Pale  blue 


Paleblud 
Orange 


Brighter  than  2^... 


Blue 
Blue 

Blue 


=  Sirius  .. 


Orange-colour 


0'75  second ... 
0*25  second... 
0*75  second ... 
0*75  second... 

0*4  second  ... 
{second 


0*5  second  ... 


0*5  second  ., 


0*75  second... 


0*75  second... 
0*5  second  ... 


2*5  seconds  ••. 


0*5  second  ... 


From  •  Pegaj 

K  Cygni. 
From  ij  Hercul 

ir  Serpentt9. 
From  M  Pf  gasi 

Andromedc. 
From     I     P< 

to     •    An 

raeda*. 
From    0    Aqi 

to     9     An 

medae. 
Centre  at  e  Ant 

mede. 

Centre  at  k  (< 
TriangulL 

From  ^  to  ^ 
dromeds. 

From  n  P^ 
to  ^  Am 
mede* 

From  39°  + 

to    24   +« 
From  27   + 

to  m 

From  33 
to  y  Androi 

From  •  Pcnd  i 

Aurigaj. 
Firom     ^   ^ 

fits         V 

to  108= +J 
From   16°+1 
tocAurij 


From  50  +  3 
to  Pleiades. 


0^^^i^m.y^ 
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rpeannce;  Train,  if  any, 
and  its  Duration. 


,'  Direction ;  noting  also 
Length  of      whether  Horizontal, 
Path.  Perpendicular,  or 

Inclined. 


dt  a  train 


Itft  to  train 
^  a  train 
i^  strain 

^  a  train 


tift  a  train 


^i  a  fine  blue  atreak  on 

iti^hole  course. 
^  a  train  of  sparks 


t^ftatrain 


■ma$ed  from  2nd  mag. 

!  ^iiude  star  to  the  ap- 
parent size  of  Jupiter, 
changing  from  round  to 
F>ear- shaped.  Anterior 
part  silrery  tvhite,  body 
Moe.     I^elt  a  pliospho* 

I  recent    streak    on    its 

I  «holc  course  for  3  or  4 

,  »eroncl». 

^^  a  train      


Remarks. 


Prom  Radiant  A. 


Prom  Radiant  A, 


Prom    Radiant   A^,    or 
Nn,  la  (?). 
Moved  towards  Per- 
seus. 

Prom  Radiant  T 


i»  a« 


Prom  Radiant  B^ 
Prom  Radiant  A^ 
Prom  Radiant  A„ 


Prom  Radiant  A, 


Observer. 


Directed  from  y   Per- 
sei.    Radiant  A^. 

Directed  from  X  Persei. 
Radiant  Aq. 

Directed  from  e  Cassio- 
peiae. 

Directed  from  c  Came- 
lopardi. 


From  Radiant  e  Came- 
lopardi. 


Prom  Radiant  C  Came- 
lopardi. 

Directed  from  fi  Cephei 


Prom  9*»  to  10»»  p.m., 

sky  clear ;  no  meteors 

seen. 

Two  meteors  seen  in 
lb  3o« 

These  two  meteors  from 
the  same  Radiant 
nearly  simultaneous. 


(See  Appendix  I.) 


U.  P.  Greg. 

Id. 
Id. 

Id. 
Id. 
Id. 
Id. 

Id. 

Id. 

Id. 

W.  H.  Wood. 

Id. 

T.  Crumplen. 

Id. 

W.  H.  Wood. 

Id. 
Id. 

Id. 


Directed  from    e    Cas 
siopeias. 


lid. 


2b2 
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Date. 


1866. 
Aug.  9 

9 
9 


9 
9 


Hour. 


h  m     8 


9  10  30   to 
12    0  p.m 


9 


910    9  p.m. 


9 


11  32  p.m. 

11  45  p.m. 

11  46  p.m. 

11  46  p.m. 


911  53  p.m. 

911  53  30 
p.m. 


9 


11  55  p.m* 


Place  of 
Observation. 


Apparent  Size« 


Colour. 


Prestwichi  Man-  »=i}  mag.» 
Chester. 


Ibid 
Ibid 

Ibid 
Ibid 
Ibid 
ibid 

Ibid 

Ibid 

Ibid 


Birmiugbam    ... 


tbid 


London 


Ibid 


Birmingham    ... 


Ibid 
Ibid 

Ibid 


1012     4   a.m.  Ibid 


»  3rd  mag.v 
=2nd  mag.« 

==3rdmag.« 
=2nd  mag.tt 
=  1  ^  mag.tt 
=  li  mag.4^ 

8  2nd  mag.« 

=  li  mag.* 

»3rdmBg.tt 


White 


White 


DuU     

Bright  white  . 
Bhiish  vvhite... 


B  Sirius 


e]stroag.«. 

»2i  mag.* 

Almost  =1|^. 
» Sirius  .... 


=3rd  mag.« 


Yellow 


Blue 


Pale  blue 

Pale  blue 
Orange 


*••».. 


Blue 


=3rdmag.»    Blue 


Brighter  than  2^ ... 


Blue 


»  Sirius 


Orange-colour 


Duntion. 


AhM 

iziad 


1 


0*3  second  ...  Fnnn  i  I'l 

joristjl 

From    t 
I    Boots. 
0*5  second  ...  FromiCa 


Fron  «  h 
Froaq 
075  second  ...'Fron « 


0*75  second ... 
0*25  second... 


0*75  second ...  f«>o    ' 
I   to   < 

I     1B<dL 

0*4  second  ...  Fn»  3 

to    9 


I  second 


Ceotnitc 
Dfdc 

Cotre  tf 


0*5  second  ...FroQi  f  » 


0*5  second  ... 


FroD    ^ 
to   i 


c= 


FronS.^ 

to  2i 

frcsti' 

to  m 

0-75 second...  FrooSJ 
;  torA:^ 

0-75  second  »..:Fio!B«  PC 

0*5  second  ...  FroD   • 

to  1^ 

2-5  seconds  ...Rrt»  ^^J 

tocACl 


0'5  second  ... 


FroBi  5J' 
'    torie*3 


A  CATAI^OGUE  OP  OBSERVATIONS  OP  LUMINOUS  METEORS. 


855 


i^tannce;  Train,  if  any, 
aad  its  Duration. 


Length  of 
Path. 


ditruB 


atnm 


!lo 


I 


taAairaln 


Wt  a  fine  blue  fttreak  on 
itiMhole  cotine. 
strain  of  sparka 


lA 


i^tXnan 


js'rnsed  from  2nd  mtg- 
'  Bitttde  star  to  the  ap- 
ptrent  size  of  Jupiter, 
<'hanging  from  round  to 
petr-shaped.  Anterior 
part  silvery  tvhite,  body! 
liiQe.  liCft  a  phoapho'' 
T?scent  streak  on  its! 
whole  course  for  3  or  4' 
seconds.  I 

^^  a  train      ' 


L. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


From  Radiant  A, 


Prom  Radiant  A. 


From    Radiant   A^,   or 

Nil.  la  (?)• 
Moved  towards  Per- 


Obserrer. 


sens. 
Prom  Radiant  T 


It  a- 


Prom  Radiant  B^, 
Prom  Radiant  A^, 
Prom  Radiant  A^ 


Prom  Radiant  A, 


Directed  from  y    Per- 
aei.    Radiant  A^. 

Directed  from  X  Persei. 
Radiant  A,,. 


Directed  from  e  Cassio- 
peiie. 

Directed  from  c  Came- 
lopardi. 


Prom  Radiant  e  Came- 
lopardi. 


Prom  Radiant  C  Came- 
lopardi. 

Directed  from  /3  Cephei 


Prom  9*»  to  lO**  p.m., 
aky  clear ;  no  meteors 
seen. 

Two  meteors   seen   in 

These  two  meteors  from 
the  same  Radiant 
nearly  simultaneous. 


(See  Appendix  I.) 


R.  P.  Greg. 

Id. 
Id. 

Id. 
Id. 
Id. 
Id. 

Id. 

Id. 

Id. 

W.  H.  Wood. 

Id. 

T.  Cmmplen. 

Id. 

W.  H.  Wood. 

Id. 
Id. 

Id. 


Directed  from    e    Cas-- 
siopeia*. 


Id. 


2b2 
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Date. 


1857. 
Aug.  10 


10 
10 

10 
10 

10 
10 
10 

10 

10 

10 

10 
10 


10 
10 
10 

10 
10 
10 
10 
10 

10 
10 


Hour. 


h  m   a 
12  10  a.iii. 


12  21   a.m. 
12  46  a.in. 


12  46  30 

&.ni. 
12  52   a.m. 


12  59  a.m. 
1  0  a.m. 
1  10  a.m. 

1  22  a.ro. 

9  39  p.m 

9  57  p.m. 


10    5  30 

p.m. 
10  11   p.m. 


10  11  15 

p.m. 
10  16  p.m. 

10  28  p.m. 


Place  of 
Observation. 


Ibid 
Ibid 

[bid 
Ibid 

Ibid 
Ibid 
Ibid 


Ibid.... 
London 
Ibid 


Ibid 
Ibid 


Ibid 
Ibid 
Ibid 


10  36  p.m.  Ibid 


10  43  p.m. 
10  48  p.m. 


Ibid 
Ibid 


10  56  p.m.  Ibid 

I 

10  57  p.m.  Ibid 


11  13  p.m.  Ibid 


Apparent  Size. 


Birmingham    ... 


=2nd  mag.« 

=2nd  mag.» 
=2nd  roag.tt 

=2nd  mag.« 


Brighter  than  1st 
mag.*. 


=  l8t  mag.« 
=3rd  mag.« 
=  lBt  mag.« 

=  1st  mag.* 

=2^  mag.* 

=2i  mag.tt 

=3rd  mag.« 
=  l8t  mag.» 


=lst  mag.tt 
=2nd  mag.« 
=2^  mag.tt 

=3rd  ma^.* 
=  1^  mag.* 


10  57  p.m.  Birmingham    ... 


= 2nd  mag.* 
=  lBt  mag.» 


=lBtmag.». 


=3rd  mo*.# 


Colour. 


Blue 

Blue 
Blue 


Duration. 


Poshtt 

Altitadt 
.\xiinj 


0*5  second  ...From    > 


0  = 

21- H 


Blue     

Orange  colour 


Yellow 
Blue 


0*5  aecond  ...Trom  m  m 
0*5  second   ...iFrom  3  P' 

0*2  second   ...  From  •  to  i 

0*5  second   ...  a- 

From  1/ 

to   33: 

1  second  ?nm  ro 

I  I     to      94' 

0*5  second  ...  From  i' 
!  .    to   ISO 


Yellow     .0*5  second  ... 


Orange 


0*75  second... 


Bright  orange 
colour. 


Bright  orange 
colour. 


Pale  blue. 
Pale  blue . 


Pale  blue 

Yellow 
Blue     ... 


From  r, 
to  r  l> 
jom. 

Firom  >  A 

tt= 

a  = 
From  fc' 
to    K 
.  From  275 
.    to  Sit 

.'From  5ri 
to    ^ 
,  From  •' » 
i    to  1^ 


From  m 
:    to    )^ 
From  31' 
to     i 
From  3^' 

to  3>; 

From34<' 
to     ::, 

From  3o:i 
to  3il  : 
...Prom  2".' 

I    ^     I 
...From  1' 

to    12 
...  Dittpp<H 


I  second FromyCtt 

0*5  second  ...  Prom  C  l  '-1 
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i^earaoce;  Trmin,if  any, 
uid  its  Dantion. 


Length  of 
Path. 


A  a  »bort  tzsin  which 
iided  quicklj. 


i^  t  short  traio  which 
&iied  quickly. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Directed  from  /  Came- 
lopardL 


Remarks. 


Ohsenrer. 


W.  II.  Wood. 


Directed  from  e  Persei Id. 


Directed  from  e  Cassio- 
peiie. 


Directed  from  e  Cassio- 


I    pcise. 

Directed  from  C  Came- 
lopardi. 

Directed  from  C  Came- 

lopardi. 
Directed  from  /  Came- 

lopardi. 
Directed  from  C  Came- 

lopardi. 

Directed   from   y  Cas- 
siopeia. 


From  Radiant,  near  a 
Lyrac. 


Id. 

Id. 
Id.     • 

Id. 
Id. 
Id, 


At  1»»  30™  a.m.  rate  14  Id. 
meteors  per  hour. 


Followed  hy  another 
with  bright  streak 
more  to  the  right. 


Ended  beyond  the 
boundary  of  the  map. 
Two  bright  globular 
meteors  remarkably 
alike. 


T.  Cnimplen. 


Id. 


Id. 


Id. 


Id. 
Id. 


From  Radiant,  near  a 
Lyrse. 


A  2nd  ma^.  meteor  pre-  Id. 
ceded  this  one  from 
near  a  Lyrac. 


Directed  from  e  Cas^io- 

peie. 
Directed  from  Polaris... 


Imperfect  view.  Identi- 
cal with  the  next.  (Sec 
Appendix  I,  8.) 

Tortuous  path ;  sky 
eight-tenths  clouded. 

From  9^  to  lO**  p.m.  no 

meteors  seen;  clear  sky. 


Id. 
Id. 
Id. 
Id. 
Id. 

W.  H.  Wood. 
Id. 
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Date. 

1866. 
Aug.lO 

10 

10 

10 

10 
11 
11 

11 

11 
11 

11 

11 

11 
11 

11 
12 

12 

12 
12 

12 
12 


12 
12 


Hour. 


h  m 

11  36  p.m. 

11  45  p.m. 

11  55  p.m. 

11  5G  p.m. 

• 

11  58  p.m. 

12  16  a.m. 
12  45  a.m. 

12  48  a.m. 

12  54  8.m. 

12  55  a.m. 

12  59  a.m. 

1  11  a.m. 

11    8  p.m. 

11  14  p.m. 

11  47  p.m. 

12  5  a.m. 


From  10  to 
11  p.m. 


Place  of 
Observation. 


Birmingham    . . . 

Ibid 

Ibid 

Ibid 


Apparent  Size. 


»l8tmag.«., 
»3rd  mag.v 


Colour. 


I 

Poihie* 
Duration.    ■     Altkt;^ 

Ar^-j 


Blue 0*5  second  ...         a= 

From  57  - 

to  %   ' 

Blue     JO-5  second  ...Frox    ' 

raedx  'a 
idnzs. 
Brighter  than  Sinus;  Yellow |1*5  second  ...  Fnn  y  C/| 


I 


Ibid 
Ibid 
Ibid 

Ibid 

Ibid 
Ibid 

Ibid 

Ibid 

Ibid 
Ibid 

Ibid 
Ibid 


B2ndmag.« 


iBlue     0*5 second  ...         r.- 

I  From  2J  ^ 

3rdmag.»    Blue     0*5  second  ...  FroQ  2S'<^ 

I  to  y  C^r 

Brighter  than   1st  Orange«eolourj0'5  second  ...'From  ^  ^> 

Yellow     '0*5  second  ...From    ■ 

rceda:  t» 
fdcir. 

Yellow     0*5  second  ...  From 2 As i; 

a- 
toli* 
Blue     .........  1*25 second ...iFron  t  ^ 

m  .lGri:z.| 
1*25  second ...  Fran  f'<a^ 


mae.«. 
==2nd  mag.# 

»2nd  mag.* 


slst  mag.tt 
alstmag.« 

=  Ist  mag.* 

=2nd  mag.* 

=  3rd  mag.* 
»lst  mag.* 

»2nd  mag.4c 


Blue 
Blue 


0*75  second ...  From  ;  t\ 

a= 

350  - 
Blue     0*5  second  ...'From/in, 


I  Brighter  than   1st 
I    mag.*. 


Blue     0-5  second  ...  From  ?  » 

I  ,    ciiIb- 

Blue     ;  0*75  second  ...•         «  = 

From  r.H 
to  IM 
0*75 second... From  ^M 

to  r^ 

Blue     '0'75  second.. 


Orange  colour 


I 


From  3  ^ 


Prestwich,  Man-U»  2nd  mag.« 
Chester. 


Ibid 
Ibid 

Ibid 
Ibid 


Ibirl 
Ibid 


41  - 
White  '0*4  second  ...'From    5 

I  phfi- 

Dull  reddish...  0*5  second  ...  From  ♦ 


=  2nd  mag.*  iWhite  ' 0*25  second  ...'from  1 

I  to  t  ti 

!  I  y^ 

=  2ndmag.*   White  0-3  second  ...  Promff^' 

=  2nd  mag.»   ' Centre  ^U 

=  3rd  mag.«   0-5  second  ...'Centre  it  «| 

=  2ndroag.«   ; 0-3  second  ...CeflWfff 

!  .  Mij  ^'^ 
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^spearance;  Train^  if  any, 
aad  its  Duration. 


Length  of 
Path. 


!Ufi  a  green  trmin  on  Us 
vbole  conrse  for  three 
seoQods. 


SUna  train 


'•  a  traia 


--■*■  a  red  train 

L 

^u  a  train 


^^  a  train 


•  ••••< 


I «• • • *  < 


ft  a  train 

Z<ftatrain  .••■ 
^t  a  train 


,a  m  «■  •••  «••••• 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


[Directed  from  v  Persei. 


Sky  four-tenths  clouded 
round  the  horizon. 


Sky  (round  the  horizon)  Td. 

two-tenths  clouded.   I 
No  meteors  seen  in  the  Id. 

last  interval. 


Directed  from  «  Cassio- 
peie. 

Directed  from  s  Cassio- 
peia:. 

Directed  from  c  Came- 
lopardi. 

Directed  from  B  Came- 

lopardi. 
Directed  from  e  Came- 

lopardi. 
Directed  from  e  Cassio- 

peias. 

Directed  from  0  Cassio- 
peias. 

Directed  from  v  Persei. 

Directed  from  y  Pegasi 

Directed  from  e  Came- 
lopardi. 


Directed  from  c  Came-  At  !'•  20™  cm.  sky 
lopardi.  hazy ;    stars  scarcely 

I     visible. 

Directed  from  g  Came-Tinc  moonlight  night... 
lopardi. 

Directed  from  y  Persei..  Three  meteors  per  hour 


W.  H.  Wood. 

Id. 

Id. 

Id. 

Id. 


Directed  from  c  Caimc- 

lopardi. 
Directed  from  C  Came- 

lopardi. 


From  Radimt  \q  (?)  ...,«• • 


Directed  from  Radiani 


From  Radiant  Ag 


Id. 
Id. 

Id. 
Id. 


From  Radiant  B^  (?)  l<h 


R,  P.  Greg. 

Id. 
Id. 


^t  a  train 


Directed  from  X.  Persei. 
From  Radiant  A^. 


From  Radiant  A^ 
Prom  Radiant  Aq 


Moon  nearly  full ;  fine  Id. 
night. 
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Date. 


1866. 
Aug.l2 

12 


19 


Hour. 


Place  of 
Observation. 


h    m     8 
9    3  p.m. 

11  37  p.m. 


10    0  p.m. 
(local  time). 


Birmingham 
Ibid 


Pali8ade8,Dobb*8 
Ferry,  U.  S.  A. 


Apparent  Size. 


slat  mag.« 
=2nd  mag.« 


20 

20 
20 

Sept.  1 


About  8  25 


Hawkhurst 


p.ra.  (Kent). 

9    0  p.m.  Ibid 

9    5  p.m.  Ibid 


Appeared  several 
times  larger  than 
Jupiter. 


Colour. 


Blue 
Blue 


Blue,  then  lilac 


Duration. 


Ahitadei 


1  second 


0*5  second 


AiJSilir 


As  bright  as  Jupiter 


7  59  30 
p.m. 


Greenwich 


»2nd  mag.* 
s  2nd  mag.4r 


Two  or  three  times 
brighter  than  a 
1st  mag.tt. 


htnil2r 
to^  Ui 
jorik 
2  or  3  aeoondi  Appesied 

•  Lyic 
Une 

betiva 

aad  tk 

Uorobb 


Colour  of  Ju- 
piter. 


White 
White 


1*3  second  ...  nroa  t  t* 

dn»efi& 

1  second  .•••..  CoBUMacai ; 

Lyaok 


1  second 


Greenishwhiie  1*5  second  ... 


Fn»    i 


ftom 
to  akifi 

N. 


APPENDIX. 

Observations  of  Meteors  made  at  the  Cambridge  Observatory  between  !^o- 
vember  13th,  11*^  30"^  and  November  13th,  14*^  16",  in  the  year  1866,  Bf 
Professor  Challis. 

The  observations  were  made  by  means  of  a  small  wooden  meteoroecope  on  a  trip>i 
stand,  furnished  with  a  straight  bar  about  21  inches  lon^,  and  readily  moveable  i^ 
altitude  and  azimuth.  The  movement  in  altitude  earned  a  graduated  arc  vfairb 
was  read  off  bv  an  index  partaking  of  the  azimuth  motion.  The  movement  v 
azimuth  carried  a  horizontal  graduated  circle  read  off  by  an  index  fixed  to  the  tn^{i 
stand.  I  marked  the  lines  of  graduation  roughly  to  integral  degrees  for  use  on  tki^ 
occasion.  In  taking  an  observation,  the  bar  was  pointed  by  hand  to  the  pJace  >.'' 
the  meteor,  the  eye  looking  along  the  straight  edge.  The  point  selected  for  ob^r- 
vation  was  sometmies  the  middle  of  the  course,  but  more  generally  the  end  of  it. 
At  the  instant  of  seeing  the  meteor  I  called  out  ''now,"  and  Mr.  Todd,  the  Junkf 
Assistant  at  the  Observatorjr,  gave  the  time  from  a  mean-time  chronometer  frtim 
which  he  was  counting' to  himself.    I  then  took  the  altitude-  and  aadmutb-ieadinp-. 


A  CATALOGUE  OY  OBSERVATIONS  OF  LUMINOUS  METEORS. 


^peanoce ;  Train,  if  any, 
aod  iu  Duration. 


bes^r  globular  mau, 
;  nther  elongated  io 
the  direction  of  its 
%bt ;  roughly  di- 
^dM  into  at  least 
H  probably  three. 
pvts,  like  a  mass  of 
aolten  iron  from  a 
labile.  At  firrt  aur- 
"Miaded  by  briglit  co- 
i^scatioiu;  subsequently 
^1  i  pale  ruddy  lilac 
sUre,  and  then  disap- 
pwftL 

*§i»test  near  the  middle  10 
<^iispath.  No  train  or 

"'•^tett  near  the  middle  8 
«ntepath. 
Ftriia  or  sparks 


Length  of 
Path. 


'    or   3° 

^hile    in 
sight. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Directed  from  y  Persei.. 

Directed  from  C  Came- 
lopardi. 


Moved  along  a  line 
drawn  from  a  Lyra' 
to  tf  UrssB  Majoris. 


Remarks. 


^Im  bright  at  first, 
'MBit  was  seen  through 
»%l»t\eU  of  cloud. 


Nearly     perpendicular ; 
downwards. 

Directed  from  P  Came- 
lopardi. 


Vertically  down 


Fine  moonlight  night . . . 

Meteors  two  per  hour ; 
one  observer. 


Seen  apparently  at  the 
close  of  its  flight.  The 
observer's  attention 
called  to  it  !)y  a  blue 
flash  of  light. — Seen 
also  at  New  London, 
Conn.  Yellow,  sur- 
rounded by  blue  and 
green  light.  Roughly 
globular ;  elongated 
in  the  direction  of  its 
fall.    Altitude  45°. 


Light  slightly  inter- 
rupted at  small  in- 
tervals. 
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Observer. 


W.  H.  Wood. 
Id. 


W.  S.  Gilman, 
jun.;  N.  Y. 
Tribune. 


A.  S.  Herschel. 


■Id. 


Id. 


Sky  cloudy.  The  meteor  H.  Airy, 
disappeared    and  re- 
appeared behind  the 
clouds. 


which,  with  the  time  and  the  other  circumstances^  were  recorded  by  IL  Wilberforce 
Clarke^  £^->  It.E..  of  Chatham.  The  direction  of  flight  was  estimated  by  con- 
(x\\m^  the  face  ot  a  watch  to  be  projected  on  the  heavens,  its  centre  coinciding 
▼ith  the  observed  place  of  the  meteor,  and  the  hour  XII  pointing  towards  the 
zenith.  The  meteor's  course  was  in  the  direction  from  the  centre  of  the  watch  to- 
wards the  recorded  hour.  No  especial  care  was  taken  to  place  the  axis  of  motion 
of  the  meteoroscope  in  a  vertical  position,  but  I  had  previously  adjusted  the  lengths 
of  the  legs  of  the  stand  so  tliat  if  it  were  placed  on  a  horizontal  plane  the  axis 
Would  be  very  nearly  vertical.  From  time  to  time  altitude  and  azimuth  obsen'a- 
tions  were  taken  of  stars,  for  the  purpose  of  obtaining  data  for  calculating  the  error 
of  position  of  the  axis.  The  stand  was  placed  on  the  flat  roof  of  a  small  out- 
building, covered  somewhat  unevenly  with  lead,  and  not  beino^  attached  to  the  roof 
And  being  of  light  weight,  it  was  liaUe  to  be  shaken  and  displaced.  I  have  reason 
to  say  that  in  consequence  of  accidental  disturbance,  it  did  not  retain  exactly  the 
Mnie  position  during  the  whole  of  the  observations.  With  regard  to  magnitude, 
the  meteors  are  divided  into  three  classes  called  a,  /3,  and  y.  Those  of  class  a  were 
AS  bright  as  stars  of  the  flrst  magnitude,  and  a  few  as  bright  as  Venus  when  brightest. 
The  class  /3  were  of  the  second  or  third  magnitude  ^  and  the  class  y  were  compara- 
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tively  faint,  but  not  smaller  than  fifth-magnitude  stars.  The  letter  T  in  the  sub- 
joined list  indicates  that  the  meteor  had  a  train,  which  was  the  case  with  by  far 
the  neater  number.  Observations  were  made  at  the  same  time  and  place  w^itb 
another  meteoroscope  by  Professor  Adams  and  his  Senior  Assistant  Mr.  Grahani, 
and  it  was  agreed  to  divide  the  heavens  into  the  noi*them  and  southern  halves.  Ah 
I  took  the  northern  half,  my  observations  are  principally  in  that  portion,  the  ex- 
ceptions occurring  in  the  earlier  and  later  obeer\'ations,  and  when  the  north  quarter 
was  nearly  covered  with  clouds.     (See  Table,  pp.  364,  305.) 

Notes  explanatory  of  the  Calculations. 

The  chronometer  was  2"  61**82  fast  on  Obeervatoiy  Mean  Time  at  November 
13th,  11*  28",  and  2»  62-36  fast  at  November  13th,  15»>  49>».    Hence  as  the  Ob- 
servatory is  22^76  east  of  Greenwich,  3™  16*  has  been  subtracted  from  each  of  the 
chronometer  times  to  calculate  the  Greenwich  Mean  Time  to  the  nearest  second. 
The  azimuths  are  reckoned  from  the  N.  point  through  E.  to  3(50^    Let  A  represent 
the  azimuth -reading,  and  z  the  zenith-distance  reading  for  any  star,  and  let  a  and  C 
be  its  true  azimuth  and  zenith  distance  calculated  from  its  known  H.  A.  and  N.  P.  D., 
the  colatitude  of  the  Observatory  being  37°  47',  and  the  longitude  east  22**75.  Also 
suppose  the  axis  of  the  instrument  to  have  inclined  by  the  arc  x  from  the  zenitli 
towiirds  the  south,  and  by  the  arc  ;/  from  the  zenith  towards  the  east.    Then  if  tn 
be  the  index-correction  of  the  zenith-distance  readin^^^,  and  n  the  index-correction 
of  the  azimuth-readings,  we  have  the  following  equations : — 

f— Z=m— ar  cos  a-|-y  sin  a, 

a — A=w-|-  cot  f  (x  sin  a+y  cos  a). 

The  values  of  A,  Z,  a  and  9(P— f  are  given  in  the  foregoing  Table.  By  using 
these  values,  two  equations  were  derived  from  each  of  the  ol»ervations  of  stars. 
It  should,  however,  be  stated  that,  instead  of  using  the  recorded  value  of  r,  I  hnvo 
adopted  in  each  instance  a  value  greater  by  one-fourth  of  a  degree,  having  found 
by  experiment  that  the  eye  was  almost  necessarily  elevated  a  little  above  the  end 
of  the  bar  in  order  to  see  the  opposite  end  in  coincidence  with  the  object.  The 
experiments  gave  a  difference  of  pointing  equal  to  about  15'.  Also  the  small  cor- 
rection required  for  refraction  has  been  taken  into  account  to  the  nearest  minute. 
In  this  manner  the  following  equations  were  obtained  for  determining  the  values  of 
m,  «,  X  and  y : — 


No.  of 

tlie  cqua- 

tioo. 


No. 
of  the 

Series.  (^-Z) 

1.  2P27'*=Mi-004a5.r4-0-998%  (1 

3.  21  25  =m+00494j--|-0-7(304y  (2' 

22.  17  11  =:m-0-86.50.r-0-5018y  (3^ 

46.  21  21  =m-|-0  2230ir4-0-9748y  (4) . . 

61.  20  61  =m4-0O31U-+0-9095y  (5)., 

62.19  41  =m+0-7755j--|-0-a*^14f/(0).. 

70.  19  60  =m4-0-2275.r+0-9738y  (7) . . 


(a-A) 


No.  of 

theeqoa- 

tion. 


■52«10'  =«4-0-846ar+00394y    (8) 

53    0t=»4-0-5337a-0*4559y    (9) 

56  37   =;»-00034.r4-01093y  (10) 

-53    7   =w4-l-2205x-0-2791y  (U) 

-54  13   =«4-0-3123j:-0-0007y  (12) 

■55     9   =n-|-0-4766r-0*68o4y  (13) 

53  51    =»+0-4704ar-01099y  (14) 

Any  displacement  of  the  stand  would  be  likely  to  exhibit  itself  in  discordances 
of  the  values  of  a— A,  rather  than  in  discordant  Values  of  f — Z.  The  above  value-'* 
of  a— A  show  that  there  was  no  azimuthal  change  sufficient  to  affect  the  values  of 
.r  and  y,  but  that  there  may  have  been  small  changes  of  the  index-correction  n. 
These  changes,  must,  however,  have  been  too  small  to  have  any  perceptible  effect 
on  the  values  of  f  —  Z.  A<?  there  was  an  inter\'al  of  only  threo  minutes  between  Xos. 
1  and  3,  it  may  bo  assumed  that  for  these  obser^-ation*^  both  m  and  n  had  the  same 
values.     Accordingly,  after  eliminating  in  and  n  from  the  equations  (1),  (2),  (8)  and 

*  Instead  of  the  recorded  reading  32°  I  have  used  28°,  an  error  having  been  apparently 
committed  by  miHtaking  the  direction  of  the  graduation. 

t  Instead  of  the  arimuth-readiug  188|  I  hare  adopted  183i,  a  mistake  having  been  pro- 
bably made  in  reading  off  or  recording. 
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(9),  the  lesulting  two  equations  have  been  employed  for  finding  x  and  y.  These 
equations  are— 

-  2'=O-6950jr-O2385y, 
+60'=0-3129x+0-4953y, 

which  give  ir=H-26^,  y=-|-84'.  As  I  had  no  reason  to  suspect  any  azimuthal 
distorbuice  of  the  instrument  between  Nos.  62  and  70,  the  interval  between  them 
being  not  more  than  seventeen  minutes,  I  have  similarly  employed  the  equations 
(6),  (7),  (13),  and  (14)  for  finding  x  and  y.    The  two  resulting  equations  are — 

-  15'=0-5480.r-  0-3424y, 

-  78'=0-0002x-  0-4765y, 

which  give  jr=+76',  y  as +166'.  These  values  are  not  accordant  with  those  ob- 
tained from  the  other  set  of  equations ;  but  perhaps  the  deviations  from  the  mean 
raluea,  which  do  not  exceed  25' in  altitude  and4(/in  azimuth,  are  not  greater  than 
wh^  might  be  expected  from  the  mode  of  observing  and  the  character  of  the  in- 
strument. I  have  therefore  adopted  the  values  ar=s50'.  ^=125',  using  60'  instead 
of  the  exact  mean  51'  for  facility  of  calculation.  I  tried  other  combinations  of  the 
equations,  but  found  none  that  gave  as  probable  results  as  those  derived  from  the 
above  values  of  x  and  y. 
Hence  the  values  of  n  derived  from  the  equations  (8)  and  (9)  are  -<52*  57' 

i.  ltol7of  1 


of  the  stand,  but  as  their  mean  does  not  greatly  differ  from  the  mean  of  all,  it  was 
thought  right  to  adopt  the  latter  mean,  viz.  —54°  37',.  for  all  the  observations  after 
Xa  17. 

When  the  same  values  of  x  andy  are  substituted  in  the  equations  (1)  to  (7),  the 
resulting  values  of  m  are  19°  24',  19^  17',  18°  67',  W  7\  18°  44',  17°  43',  and  17°  43', 
the  mean  of  which  is  18°  42'.  For  verification  of  this  result  I  also  obtained  the 
mdex-correction  in  the  following  manner: — An  adjusted  spirit-level  was  placed  on 
\h&  upper  fiat  side  of  the  bar,  and  the  bar  being  made  to  point  horizontally  by 
bringmg  the  bubble  into  middle  position,  the  altitude-circle  was  read  off.  The  same 
thing  was  done  after  changing  the  azimuth  by  180°.  The  two  readings  being  71* 
15'  and  71°  3o',  the  complement  of  half  their  sum  is  4-18°  35',  which  consequently 
ii  the  index-correction.  By  another  trial  made  in  azimuths  90°  from  the  former, 
the  two  readings  were  70°  0'  and  73°  0',  and  the  index-correction  is  consequently 
+18°  SO*.  The  mean  between  the  two  results,  viz.  18°  33',  is  the  adopted  value 
of  m ;  this  mode  of  determining  it  being  thought  to  be  more  accurate  than  the  other. 
The  small  difference  between  this  value  and  + 18""  42'  is  considerable  confirmation 
of  the  accuracy  of  the  adopted  values  of  x  and  y.  It  should  be  added  that  in  ob- 
taining these  corrections,  the  meteoroscope  was  placed,  as  nearly  as  could  be  con- 
jectured after  about  a  month's  inter\'al,  in  the  same  position  that  it  had  during  the 
observations,  and  that  consequently  the  values  of  x  and  y  may  be  inferred  from  the 
differences  of  the  altitude-readings  in  the  respective  positions.  The  values  thus 
obtained  are  ar=4-10',  y=-|-90'.  As  I  could  not  be  sure  that  the  meteoroscope  in 
this  trial  had  exactly  the  same  position  as  before,  I  have  preferred  using  the  values 
ofz  and  y  deduced  from  the  observations  of  stars. 

Representing  now  by  A  and  Z  the  azimuth-  and  zenith-distance  readings  for  the 
observation  of  any  meteor,  the  following  equations  were  employed  for  calculating 
its  tme  azimuth  and  altitude  as  given  by  the  obsen-ation : — 

True  altitude  O)=7P12'-Z4-60'  cos  (A -h»)4- 125' sin  (A  4- m)- '^fraction- 
Tme  azimuth       =  A-|-«4-  tan/3  (50'  sin  (A4-»)+125'  cos  (A-hi*))- 

The  value  of  n  is  —62°  44'  for  Nos.  1  to  17,  and  -54°  37'  for  the  remaining  Nos. 
The  constant  71°12' is  90^-18°  3o'- 15';  the  correction  -15'  being  applied  for 
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error  of  pointing,  as  already  explained.  The  altitudes  and  azimuths  of  the  stars 
were  calculated  by  the  same  formulae,  and  are  placed  in  the  foregoing  Table,  to- 
gether with  their  altitudes  and  azimuths  calculated  from  their  known  R.  A.  and 
N.  P.  D.,  in  order  to  give  the  means  of  judging  of  the  degree  of  accuracy  to  bo 
ascribed  to  the  observations.     (The  latter  are  put  in  brackets.) 

I  made  an  observation  of  the  mean  of  the  positions  of  two  stationary  meteors 
(No.  60)  soon  after  the  clouds  had  cleared  off,  and  before  counting  froim  the  chro- 
nometer had  recommenced.  The  time  was  taken  roughly  by  my  wtatch,  which 
was  found  by  subsequent  comparison  to  be  seven  minutes  slower  than  the  chro- 
nometsr.  t'he  recorded  time,  1>»  20",  takes  into  accoimt  this  difference.  The 
time  of  observing  Regulus  (No.  61)  was  not  noted ;  but  as  this  obser\^ation  fol- 
lowed immediately  after  No.  60,  it  was  coiyt^ctured  from  other  similar  cases  that 
the  interval  between  them  was  about  one  minute.  The  times  for  Nos..  60  and  61 
are,  consequently,  quite  uncertain ;  but  as  the  place  of  Regulus,  calculated  from 
the  observation,  agrees  well  enough  with  its  true  place,  it  is  not  likely  that  they 
are  much  in  error.  By  calculation  of  the  R.  A.  and  DecL  of  the  mean  stationary 
point  from  the  azimuth  83**  24'  and  the  altitude  23°  12',  it  is  found  that  the  R  A. 
2=  160^  68',  and  Decl.  «  +23'  36'. 

Soon  after  seeing  the  stationary  meteori,  I  noted  down  the  mean  position  with 
reference  to  neighbouring  stars,  by  mapping  the  stars  and  the  estimated  position 
on  a  piece  of  paper,  from  which  the  annexed  diagram 
has  bden  transferred  by  punctures  through  the  paper.  ^ 

(It  should  be  observed  that  the  two  meteors  had  about 
the  same  altitude,  and  the  more  northward  one  was  ** 

much  fainter  than  the  other.) 

By  making  use  of  the  star-map  in  Johnston^s  '  Atlas 
of  Astronomy,'  I  estimated  the  place  of  the  meteors     ^^  r\  ( Mean  podtion 

to  be  R.  A.  =  148°  46',  and  Decl.=22»50'.    The  date    **  ^  (of  th«met««. 

of  the  map  being  1850,  if  allowance  be  made  for  an- 
nual variations,  the  place  for  1807*0  will  be  R.  A.es  „^ 
148°  69',  Decl. =22°  47'.  m. 

This  determination   I  consider  to  be  more  tnist-  ^  ^ 

worthy  than  the  other,  the  R.  A.  of  the  former  being 

probably  too  much  in  excess  of  that  of  Regulus.    If  ^  Rgyalua 

double  weight  be  given  to  the  second  determination 

of  R.  A.,  and  equal  weights  be  given  to  the  declinationf,  the  radiant  point  comes 
out  R.  A.  =149°  39',  Decl. = +23°  12'. 

Cambridge,  January  3rd,  18C7.  J.  Chalus. 


iVfeteors, 

,  1860,  November  13tl] 

Nov.  13th,  IP  28". 

h    m    s 
F  3312=11  27  33-5 
H«  2  65  300 
33-47 

Nov.  13th,  16^  49« 

h    m    8 
F  3312=16  49  41-6 
H=  8  18  30-0 
33-86 

2  66    3-47 
16  29  29-31 

8  19  3-86 
16  29  29-31 

11  26  34-10 
-     1  52-48 

10  49  34-64 
-     2  46-39 

11  24  41-08 

16  46  49-16 

-     2  61-82 

-     2  62-35 

Nov.  13th,  14»»  10«. 

Sid.  T.,  H  slow      34-26 
Daily  losing  rates  1*68 


Hourly  rate  of  ChronomettT=  —  0*-09. 
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Mean  time. 

h    m    B 

Procvon     . 

.11  43  40 

Polaris  . . . 

.11  46    6 

Aldel)aran . 

.11  46  10 

^Victunis    . 

.16  24  13 

Siriua     . . . 

.16  25    0 

Aldebaron. 

.16  2o  48 

Polam  . .  . 

. 16  26  48 

Stars  for  Instrumental  CorrectionB. 

Obsenred  Observed      True  True 

Azimuth.   Altitude.   Aximuth.  Altitude. 


Corr.  of     Corr.  of 
Obserred   Observed 
Azimuth.    Altitude. 


62  d 

26  13 

287  20 

18  66 

234  41 

-614 

S04  16 

63  43 

178  47 

63  26 

234  31 

-0  18 

97  20 

62  10 

332    8 

61  26 

234  48 

-0  46 

21    0 

13  60 

266    2 

13  42 

234    2 

-0    8 

146  45 

20    0 

19  48 

19  14 

234    3 

-0  46 

106    0 

36  10 

09    2 

3*^  28 

234    2 

-0  42 

304    0 

62  12      177  47      61  66 
Mean  correctiond  ..... 

233  47 

-0  17 

.  234  16 

-0  27 

Meteors,  1866,  Noyember  13th  to  14th. 
Observed  at  the  Observatory  at  Cambridge,  by  Professor  Adams, 

(Error  of  Chronometer  —  2™  52».) 
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REPORT — 1867 


Mean 
Solar 
Time. 

h  m  B 
12  41  41 

42  18 

43  10 

43  52 

44  34 

45  15 

46  0 

46  37 

47  30 

48  28 

49  6 

50  22 

51  26 

52  40 

53  16 

53  52 

54  24 

55  18 

56  4 

56  45 

57  40 

12  58  48 

13  33  35 

34  36 

35  18 

35  46 

36  8 

37  38 

38  2 
38  30 

38  50 

39  15 

39  48 

40  27 

40  56 

41  38 

42  5 

42  27 

43  29 

43  42 

44  8 

44  48 

45  24 

45  57 

46  30 

46  55 

47  28 

48  21 

49  0 
49  29 

49  58 

50  27 

51  16 

52  8 
52  52 

54  31 
5o  10 

55  53 

56  39 


True 
Mean 
Solar 
Time. 


m  B 

38  49 

39  26 

40  18 


41 
41 


0 
42 


42  23 

43  8 

43  45 

44  38 

45  36 

46  14 

47  30 

48  34 

49  48 

50  24 

51  0 

51  32 

52  26 

53  12 

53  53 

54  48 

12  55  56 

13  30  43 

31  44 

32  26 

32  54 

33  16 

34  46 

35  10 
35  38 

35  58 

36  23 

36  56 

37  35 

38  4 

38  46 

39  13 

39  35 

40  37 

40  50 

41  16 

41  56 

42  32 

43  5 

43  38 

44  3 

44  36 

45  29 

46  8 

46  37 

47  6 

47  35 

48  24 

49  16 


50 
51 


•0 
39 


52  18 

53  1 
53  47 


1^ 
Mi 

o 


2S 


0 


43  30 


356  0 

313  0 

16  0 

45  0 

11  0 

2  30 

353  0 

91  0 

9  0 


36  0 
70  0 
85  30 
52  30 
10  0 


99 
14 
96 
46 
6 


0 
0 
0 
0 
0 


41  30 
59  0 


22 

74 


0 
0 


59  30 

60  30 
84  30 

61  0 
26  30 
70  30 
59  0 
29  30 
67  30 
74  30 
33  30 
54  30 
22  0 
77  0 

5  30 
73  30 
70  0 
39  0 
63  0 
67  30 
84  0 


56 
66 
70 
74 

48 

96 
127 
164 

89 
151 

85 


0 
0 
0 
0 
0 
0 
0 
0 
0 
30 
0 


o< 


O    t 

64  0 
37  30 


28  30 
21  0 
32  0 
25  30 

28  0 
23  0 
40  0 

29  0 
44  30 


41  0 
34  30 


22 
44 
45 


0 
0 
0 


22  30 
49  0 


25 
22 


0 
0 


38  30 
29  0 


20 
27 
31 
27 
21 
20 
36 
69 


0 
0 
0 
0 
30 
0 
0 
0 


51  30 
50  0 


51 
76 
37 


30 
0 
0 


53  30 
23  0 


39 
15 
61 
2« 
43 


0 
0 
0 
0 
0 


20  30 
29  0 
40  0 
42  30 
28  30 
33  30 
18  0 
38  30 
17  30 


28 
57 


0 
0 


66  30 
0 
0 


55 
62 

86 


0 


1  §  I 


2.59  16 
277  46 


230  16 
187  16 
250  16 
279  16 
245  16 
236  46 
227  16 
325  16 
243  16 


270  16 
304  16 

319  46 
286  46 
244  16 
333  16 
248  16 
330  16 
280  16 
240  16 
275  46 
293  16 
256  16 
308  16 

293  46 

294  46 
318  46 

295  16 
260  46 
304  46 
293  16 
253  46 
301  46 
308  46 
267  46 
288  46 
256  16 
311  16 
239  46 

307  46 
304  16 
273  16 
297  16 
301.46 

318  16 
290  16 
290  16 
304  16 

308  16 
282  16 

320  16 
1 

38 
323 
25  46 

319  16 


16 
16 
16 


63  3^ 
37  3 


28  3 
20  33 
31  33 
25  3 

27  a3 

22  33 
39  33 

28  33 
44  3 


40  33 

34  3 

21  33 

43  33 

44  33 

22  3 

48  33 
24  33 
21  33 
38  3 
28  33 
19  33 
26  33 
30  33 

26  33 

21  3 

19  33 

35  33 
68  33 
51  3 

49  33 
51  3 

75  as 

36  33 
53  3 

22  33 

38  33 
14  33 
60  33 

27  33 
42  SS 

20  3 

28  33 

39  33 


42 

28 
33 


3 
3 
3 


17  33 
38  3 
17  3 

27  a3 

56  33 
66  3 
54  33 

61  a3 

STy  33 


y 

a 
a 
a 


a 

m 
m 

y 

m 
m 

y 
y 
y 

m 
m 

y 


10 

4 
lOi 

9 

^l 

3 

3 
11 

4 
11 

4 

4 

5 

3 

^ 
9 

3i 

4 

^ 
3i 
11 

H 

2 
11 
1 
3i 

0* 

3 
10} 

2 
10* 

^ 

3 

5i 

6 

2* 
4 

3* 
4* 
3 

4* 

4 

3* 

4i 

3 

5 

3 


Notes. 


AcrosB  fiUrsaeMajoriB 


Train 


Train 


Clouding  OTor     •••., 
S,  e  Ursffi  Majons  ., 


Train 
Train 


No  train 
Flash"!! 


Train 


Train 
Train 


Across  Siritis 


0;z 


G. 

G. 

G, 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G.i 

G. 

O. 

G. 

G, 

G, 

G. 

G. 

G. 

G. 

G. 

G. 
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Hean 
SoUr 
Time. 

^  m  8 
13  57  12 

57  42 

58  10 
58  49 

13  59  25 

14  0  54 
2  2 
237 
320 
4  1 
438 
525 
6  0 
648 
733 

.8  11 
844 
925 
936 

10  44 

11  8 
1137 
13  10 

13  21 

14  52 

15  27 

16  52 

17  44 

19  36 

20  29 

22  26 

23  11 

23  41 

24  30 

25  20 

25  44 

26  50 
3138 

32  9 

33  35 

34  56 
36  27 

35  50 

36  28 

37  18 

38  4 

39  14 
$49 

41  8 

42  6 

43  52 
4128 

46  3 

47  19 

48  44 

49  38 
f0  38 

14  52    2 


True 
Mean 
BoUr 
Time. 


h    m    B 
13  54  20 

54  50 

55  18 

56  57 
56  33 

58  2 

59  10 
13  59  45 

028 

1    9 

1 

2 

3 

3 

4 

5 

5 


14 


44 
33 
8 
56 
41 
19 
52 
633 
644 

7  52 

8  16 
8  45 

10  18 
10  29 
12  0 
12  35 
14  0 
14  52 

16  44 

17  37 

19  34 

20  19 

20  49 

21  38 

22  28 

22  52 

23  58 

28  46 

29  17 

30  43 
32  4 
32  35 

32  58 

33  36 

34  26 

35  12 

36  22 
36  57 
38  16 


39 
41 
41 
43 


14 

0 

36 

11 


44  27 

45  52 

46  46 

47  46 
14  49  10 


1867. 


I  g 


o   / 

88  30 

133  0 

93  0 

80  0 
72  30 
20  0 
76  0 

106  0 

25  0 

26  0 

81  0 
65  0 
42  30 
14  30 
76  0 

27  30 
20  0 
22  0 
74  0 
78  0 
83  30 

127  0 

124  30 

81  0 

58  0 


116  0 
83 

91  0 
110  0 

25  0 
59  0 

101  0 
132  0 
121  0 

42  0 
99  0 

102  0 
53  0 

112  0 
69  30 
25  0 
61  30 
49  0 
5  0 

358  30 
20  0 

349  30 

92  0 
63  0 

361  0 
286  30 
72  0 
17  0 
104  0 
58  30 
20  30 
52  0 


I- 


4  6 

42  30 

31  0 

30  0 

42  0 

25  0 

25  0 

21  0 

28  0 
38  30 

29  30 
46  0 
42  0 
42  0 
29  0 
18  0 
37  0 
18  0 
24  0 
29  0 
42  0 
34  0 
24  0 
46  0 
53  0 


60  0 


11  30 
39  0 
39  0 

65  0 
29  0 
50  0 
37  0 
48  0 

12  0 

23  0 
33  30 

24  30 

46  0 

36  0 

66  0 
21  0 

16  0 
27  0 

37  0 

47  0 

33  30 

34  30 
32  0 

8  0 
65  0 
68  0 

35  0 

17  0 
43  0 

25  0 


322  46 

7  16 

327  16 

314  16 
306  46 
264  16 
310  16 
339  16 
269  16 

260  16 

316  16 
299  16 
276  46 
248  46 
310  16 

261  46 
254  16 
266  16 
308  16 
312  16 

317  46 
361  16 
358  46 

315  16 
292  16 


349  16 


325  16 
344  16 
259  16 
293  16 

335  16 
6  16 

356  16 
276  16 
333  16 

336  16 
287  16 
346  16 
303  46 
259  16 
295  46 
283  16 
239  16 
232  46 
264  16 
223  46 

326  16 
297  16 
225  16 
159  46 
306  16 
261  16 
338  16 
292  46 
254  46 
286  16 


is " 

5^8 


O    I 

43  33 
42  3 
30  33 
29  33 
41  33 
24  33 
24  33 
20  33 
27  33 
38  3 
29  3 

44  33 


41 
41 


33 
33 


28  33 
17  33 
36  33 
17  33 
23  33 
28  33 
41  33 
33  33 
23  33 
45  33 
62  33 


69  33 


11  3 
38  33 
38  33 

64  33 
28  33 
49  33 
36  33 
47  33 
11  33 
22  33 
33  3 
24  3 
44  33 

35  33 

65  33 
20  33 

15  33 
26  33 

36  33 
46  33 

33  3 

34  3 
31  33 

7  33 
64  33 
57  33 
34  33 

16  33 
42  33 
24  33 


CB 


y 
y 
y 


/3 


y 

a 


y 


y 


/} 


y 

/3 

y 

•  •  • 

y 

a 

y 

a 


o 


Notes. 


Train 


Across  Procyon 


From  Procyon 


Across  Pleiades ;   26" 
yisible. 


Greenish  colour 


Flash 


Little  more  than   a 
flash. 


2c 


I 


O^ 


a. 

G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
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Mean 
Solar 
Time. 

True 
Mean 
Solar 
Time. 

Observed 
Azimuth. 

Obaerved 
Altitude. 

^^      * 

Obeorvod 

Altitude, 
corrected. 

1 

• 

1 

l^otes. 

1 

h  m  B 
14  53  45 

54  49 

55  35 
58  40 

14  59  32 

15  1  1 

2  32 

3  34 

4  54 
4  54 
6  8 
8  4 

8  25 

9  28 
11  48 
14  11 

14  54 

15  47 

16  40 

17  16 

18  15 

19  15 

20  o9 

21  34 

22  28 
25  0 

25  11 

26  13 

27  13 

28  14 

28  23 

29  2 
31  29 

33  19 

34  10 
37  7 

37  45 

38  2 

39  42 

40  26 

40  38 

41  36 

43  44 

44  40 

45  33 

46  24 

47  4 
49  27 
51  19 
53  28 
55  30 

15  58  18 

16  0  12 

2  21 

3  56 

4  51 

5  26 
16  7  17 

h  m  B 
14  50  53 

51  57 

52  43 

55  48 

56  40 
58  9 

14  59  40 

15  0  42 
1  2 
1  2 
3  16 
5  12 

5  33 

6  36 
8  56 

11  19 

12  2 

12  55 

13  48 

14  24 

15  23 

16  23 
18  7 

18  42 

19  36 
22  8 

22  19 

23  21 

24  21 

25  99, 

25  31 

26  10 
28  37 

30  27 

31  18 
34  15 

34  53 

35  10 

36  50 

37  34 

37  46 

38  44 

40  52 

41  48 

42  41 

43  32 

44  12 
46  35 
48  27 
50  36 
52  38 
55  26 

15  57  20 

15  59  29 

16  1  4 
1  39 
234 

16  4  25 

34!  & 

335  0 

6  0 

60  0 

95  0 

355  0 

308  0 

39  0 

66**0 

127***0 

14  30 

3^2* 'O 
296  0 
349  0 

15  0 
1  0 

291  30 
262  0 
300  0 
337  30 
0  0 
141  0 

12  30 
354  0 

17  0 
332  0 
261  0 
331  0 

3  30 
62  0 

324  30 
339  0 
59  30 
64  30 
46  0 
93  0 

67*30 
359  30 

16  0 
326  30 
293  0 
a'>2  0 
295  30 
322  0 

5  0 

4  30 
42  0 
25  0 

9  0 
331  30 
831  30 
298  30 

62  & 
59  0 
44  0 
53  0 
47  0 
32  0 
68  0 
37  0 

sf'o 

32  0 
25  30 
•••••• 

17  30 

62  30 
64  30 

33  so 
31  30 

37  0 
24  0 
28  0 
42  0 

38  30 

23  0 

34  0 
21  0 

36  0 
56  0 

63  0 

40  SO 
55  30 
66  0 
42  30 

24  0 
72  0 

27  30 

25  0 

20  0 
•••••• 

49  30 
23  0 

21  0 

39  0 
23  0 

37  0 

18  30 
53  0 

26  30 
14  0 

53  0 
34  0 

54  0 

41  30 

28  30 
630 

21§  ik 
209  16 
240  16 
294  16 
329  16 
229  16 
172  16 
273  16 

.•*••■ 
294  16 

'1*1*6 

248  46 

196**16 
170  16 
223  16 

249  16 
235  16 
165  46 
136  16 
174  16 
211  46 
234  16 

15  16 
246  46 
228  16 
251  16 
206  16 
135  16 
205  16 

237  46 
296  16 
198  46 
213  16 
293  46 
298  46 
280  16 
327  16 

801  46 
233  46 

250  16 
200  46 
267  16 
226  16 
269  46 
196  16 
239  16 

238  46 
276  16 
259  16 
243  16 
205  46 
205  46 
172  46 

0 

61  8§ 
58  83 
43  38 
52  38 
46  33 
31  33 
67  83 
86  83 

■ •• • • . 
36  38 

8*i"83 

25  3 

17**3 

62  3 

64  3 
33  3 
31  3 
36  83 
23  83 
27  83 

41  83 
38  3 

22  33 
33  83 
20  33 

35  88 
55  33 
62  33 

40  3 
55  3 

65  83 

42  3 

23  33 
71  83 

27  3 

24  83 

19  83 

49**3 
22  33 

20  33 
38  83 
22  33 

36  83 
18  3 
52  83 

26  8 
13  S3 

52  83 
33  83 

53  33 

41  3 

28  3 
6  3 

y 

« 

a 
« 

m 
« 

« 

m 
« 
a 

•  %  • 

a 
« 
m 

y 
y 

a 
•  •  • 

« 
a 

y 

a 

m 
a 
m 

a 

h 
9 

•  •  • 
0 
1 
3 
8 
8 

7* 

••• 

.  •  • 
••  • 

4 

5 

P 

?:: 

7 
7 
8 
5 

%■ 

7 
7' 
7.' 
6 
8^ 
8 
11 

1 

5 

7 

•  ■  • 
8 

P 

8 

3 

10 

•  •  • 

10 

••• ^••» 

•'^••» 

«ftA*««aaasAftAA« 

1 

Fine  tF^n  ,.., 

TotiieE ' 

To  the  W 

FVom  Frocyon  west- 
ward. 
lAsted  58";  green  ... 

•••• ••••   • 

1 

i 

i 

Train  

lasted  sereral  mob.  . . 

Ban  acTosa  Leo  in  a 

cuired  direction. 
Fine  train  

Flash  

Train  Tisible  for  50.. 

Flaah 

Between  a,  j8  Ursee. 
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tftta 

Hokr 
lime. 


8  48 

9  4 
U  29 

19  48 
14  29 
13  3 
16  8 
16  53 
30    3 

20  47 
22  22 


30 
31 
32 


4 

18 

1 


U  33 

38  47 


a9 

42 


52 
6 


44  46 


a  1 

4 
6 
9 
12 
13 
14 
15 
16 
17 
1ft 
IS 
19 
126 
27 
28 
29 
3D 
31 
.12 
33 
34 
34 

r^ 

46 

48 
49 
oO 

:>i 

54 
.j6 

rt7 
l^   1 

H47 


32 
56 
35 
37 
13 
44 
41 

O 
30 
35 
37 
37 

2 
33 
50 
15 
36 
26 
51 
44 
16 
38 
29 

5 
57 
34 
42 
25 
48 

1 

5 
29 
45 
24 
18 
55 

1 


True 
Mean 
Solar 
Time. 


16  5  56 
6  12 
8  37 
956 

11  37 

12  10 

13  16 

14  1 
17  11 
17  55 
19  30 

27  12 

28  26 

29  9 
31  41 
35  65 
37  0 
39  14 

16  41  54 


11  43  40 

57    4 

11  58  43 


12 


1 
3 
6 


45 
21 
52 


9  49 

10  8 

11  38 

12  43 

13  45 

14  45 

15  10 
15  41 
17    7 

23  23 

24  44 

25  34 

26  59 

27  52 

28  24 

29  46 

30  37 

31  13 

32  5 

33  42 
43  50 

45  33 

46  66 

47  9 

48  13 
51  37 

53  53 

54  32 

55  26 
12  59  3 
14  44    9 


H 


223  30 
290    0 

22  0 
74  0 
69    0 

110    0 

67  30 

29    0 

351    0 

327    0 

231    0 

214    0 

61    0 

12    0 

341  SO 

23  0 
322    0 

43  0 
66    0 


20  13 
43  30 

5    0 

46  0 
48    0 

47  0 
34  30 
28  0 
51    0 

21  30 
42  0 
46  0 
55  0 
54  0 
41  30 

3    0 
46    0 


83  0 

90  0 

39  0 

7  0 

62  0 

21  0 


134  0 
215  0 
209  30 


132  0 
74  0 

104  0 

62  30 

82  0 

57  0 

133  0 


28    0 
31  30 


60 
59 
30 


0 
0 
0 


48  30 
53  0 
61  0 
14  30 
21  30 
57    0 


66 
31 


0 
0 


40  30 
65  0 
36  0 
59  30 


66 
81 


0 
0 


97  46 
164  16 
256  16 
308  16 
303  16 
360  16 
301  46 
263  16 
225  16 
201  16 
105  16 
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A  little  above  y 
Orionis. 

^way  Man  to  Pol- 
lux. 

Nearly  across  little 
star  above /3  Orion. 


Across  the  four  Ftars 
in  Great  Bear. 


Number  of  meteors  observed,  63. ^Total  number  292. 


I.   MEtEORS  BOrfiLT  OBS£RTRD. 

(1)  1866,  November  13th,  11^  22"^  p.m.  (Haddenham). 

At  an  early  stage  of  the  great  November  shower,  when  bright  meteors  were 
yet  uncommon,  a  meteor  nearly  as  bright  as  Venus  was  recorded  by  Mr. 
Dawes  at  Haddenham,  in  Bucks  ;  and  almost  simultaneously  with  it  a  me- 
teor of  unusual  brilliancy  was  seen  by  Mr.  T.  Crumplen  at  Primrose  Hill  in 
London  (see  Catalogue).  The  descriptions  of  its  appearance  at  the  two  places 
are  essentially  the  same,  and  evidently  refer  to  the  same  meteor.  The  paral- 
lax of  these  observations  is  12^,  and  the  height  of  the  meteor,  assuming  a 
distance  of  thirty-six  miles  between  the  stations,  is  just  sixty  miles  above  the 
surface  of  the  earth. 

(2)  1866,  November  14th,  12^  40™  45»  a.m.  (Glasgow). 

The  meteor  passed  neai-ly  over  St.  Andrews,  in  Scotland,  where  it  appeared 
to  consist  of  three  parts,  each  equal  to  Venus.  A  part  of  the  streak  remained 
visible  as  an  oval  light-cloud  for  eight  minutes  before  it  disappeared  (see  Ca- 
talogue). This  portion  of  the  streak  was  seen  at  an  altitude  of  40°  above  the 
horizon  at  Glasgow,  in  the  direction  of  St,  Andrews.  At  St.  Andrews  it  dis- 
appeared at  an  angle  of  15°  from  the  zenith,  nearly  towards  Glasgow.  The 
distance  between  tiie  two  stations  is  nearly  sixty-five  miles,  and  the  pai^lax 
of  about  60°  corresponds  to  a  height  of  not  quite  fifty  miles  above  the  surface 
of  the  earth. 
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(3)  1866,  November  14th,  1^  8"  a.m.  (Cardiff). 

The  apparent  position  of  the  meteor  at  the  beginning  and  end  of  its  visible 
path,  as  refen-ed  to  the  stars  by  Messrs.  A.  and  J.  Thomson  at  Cardiff,  and 
]Ir.  H.  S.  Heinecken  at  Sidmouth,  are  in  the  most  perfect  geometrical  accord- 
ance with  the  respective  geographical  positions  of  the  two  stations  &om  one 
another.  As  the  stations  are  respectively  north  and  south  from  one  another, 
and  the  meteor  passed  between  them  from  east  to  west,  the  real  altitude  of 
the  meteor,  and  the  extent  of  the  luminous  streak  which  it  left  floating  upon 
its  path  for  at  least  ten  minutes  before  it  disappeared,  can  be  determined  with 
exactness.  The  direct  distance  of  Sidmouth  from  Cardiff  is  just  fifty  British 
statute  miles.  The  parallax  of  the  meteor  at  its  first  appearance  was  20^, 
and  corresponds  to  a  height  of  100  miles  above  Petersfield,  in  Hampshire 
(lat.  51**  N.,  long.  0°  55'  W.  from  Greenwich).  The  meteor  disappeared  be- 
tween the  two  stations,  and  its  parallax  was  then  50°.  Its  real  altitude  at 
the  instant  of  its  disappearance  was  fifty- three  miles  above  Tiverton,  in  Devon- 
shire (lat.  60°  55'  N.,  long.  3°  39'  W.  from  Greenwich),  which  point  it  reached 
after  an  aerial  flight  of  120  miles  directed  exactly  from  the  radiant-point 
(near  x  Leonis)  of  the  November  meteoric  shower,  in  the  centre  of  Leo's 
"Sickle." 

At  the  final  distance  of  the  meteor  from  Cardiff,  sixteen  or  eighteen  miles 
vould  subtend  15°,  which  was  the  length  (see  Catalogue)  of  that  portion  of 
the  Inminons  streak  which  collected  itself  into  a  cloud  after  the  nucleus  had 
"disappeared.  A  "  few  minutes  of  arc  "  (see  Catalogue)  would  coiTcspond  to 
as  many  hundred  feet  at  the  same  distance ;  this  was  accordingly  the  width 
of  the  straight  portion  of  the  luminous  streak,  while  the  oval  light- cloud, 
which  remained  visible  ten  minutes,  if  it  subtended  the  apparent  width  of 
only  two  diameters  of  the  moon,  must  have  measured  at  least  one  mile  in 


(4)  1866,  November  14th,  2'*  12"  30«  a.m.  (Hawkhurst). 

The  apparent  position  of  the  meteor,  seen  at  this  time  to  leave  a  very  per- 
Qstent  streak  at  Hawkhurst,  is  not  compatible  with  the  apparent  place  of  a 
veiy  similar  meteor  observed  at  very  nearly  the  same  moment  by  Mr.  Lowe 
i^t  Nottingham,  so  as  to  make  it  possible  to  compute  their  distance  as  if  the 
nieteors  were  identical.  But  it  is  probable  that  two  metcora,  nearly  simulta- 
neoua  in  time,  were  seen  at  the  two  stations  in  nearly  the  same  quarter  of 
^e  heavens. 

(5)  1866,  November  14th,  2^  14"  a.m.  (Glasgow). 

An  observation  of  the  meteor  seen  at  Glasgow  was  also  recorded  by  Mr. 
Cf.  Forbes  at  St.  Andrews.  It  moved,  however,  with  reference  to  the  two 
^tions,  so  nearly  in  a  plane  containing  the  base-line  drawn  between  them, 
that  although  a  considerable  parallax  of  the  kind  attributable  to  their  very 
wide  displacement  is  perfectly  apparent,  additional  obscrv^ations  at  other  places 
^  required  to  define  its  real  altitude. 

(6)  1866,  November  14th,  2^  40«  58'  (Aberdeen). 

A  brilliant  fireball  of  the  November  shower  was  seen  over  the  whole  of 
^tland  and  as  far  south  as  Nottingham,  in  England.  Observations  of  its 
apparent  place  were  recorded  at  Sunderland  in  England,  and  at  Glasgow, 
^inburgh,  and  Aberdeen  in  Scotland  (see  next  page).  A  companson  of 
^cse  accounts  assigns  to  the  light-cloud  left  by  the  meteor  near  the  tennination 
of  its  course  an  altitude  of  between  sixty-one  and  sixty- seven  miles  above  the 
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earth's  surfkce  in  the  neighburhood  of  Dundee.     (Proceedings  of  tho  Glasgow 
Philosophical  Society,  vol.  vi.  p.  207.) 

(7)  1867,  August  9th,  IV  46™  p.m.  (London  and  Birmingham). 

Two  bright  meteors  of  the  August  shower,  in  almost  exactly  the  same 
quarter  of  the  sky,  were  recorded  simultaneously  at  Birmingham  and  London 
at  this  hour  (see  Catalogue).  Tho  resemblance  between  the  two  meteors  is, 
however,  casual ;  for  the  lines  of  sight,  instead  of  converging  towards  each 
other  very  rapidly,  as  might  be  expected  to  take  place  from  the  great  distance 
between  the  stations  if  a  single  meteor  were  under  consideration,  actually 
diverge  from  each  other  to  an  extent  of  5°  or  6°,  and  evidently  point  to  two 
different  meteors  appearing  almost  simultaneously  in  time  and  in  the  same 
quarter  of  the  sky  at  either  place. 

(8)  1867,  August  10th,  10*  67™  p.m.  (Birmingham  and  London). 

The  two  bright  meteors  simultaneously  recorded  at  this  time  by  strict  ob- 
servations at  Birmingham  and  London,  during  a  period  of  positive  scarcity  of 
shooting-stars,  correspond  exactly  in  their  apparent  place  of  disappearance 
with  the  supposition  of  a  large  displacement  by  parallax  (of  about  45°)  in 
the  direction  of  a  straight  line  joining  Birmingham  and  London.  The  iden- 
tity of  the  two  meteors  must  accordingly  be  regarded  as  perfectly  confirmed, 
although  the  partial  view  obtained  at  London  permits  only  the  end  point,  or 
point  of  disappearance,  to  be  fixed.  This  was  at  a  height  of  seventy-six  miles 
above  the  earth's  surface  in  the  neighbourhood  of  Bristol. 

II.   LaBQE  MEIEOilS. 

(1)  1862,  April  26th,  &"  20™  p.m.  (local  time),  Hobart  Town, 

Van  Diemen's  Land. 

The  following  account  of  a  large  meteor  seen  in  the  southern  hemisphere 
appears  in  the  *  E^sults  of  twenty-five  years'  Meteorological  Observations  for 
Hobart  Town,'  by  F.  Abbot,  F.E.A.S.,  p.  17.  Although  appearing  in  tho 
southern  sky,  the  meteor  belongs  to  a  date  when  fine  meteors  are  not  uncom- 
monly seen  in  considerable  numbers  in  the  northern  hemisphere ;  and  it  is 
frequently  the  case  that  meteoric  displays  are  visible  at  the  same  time  in  both 
the  north  and  south  hemispheres  of  the  globe. 

"  On  the  25th  of  April  1862,  while  observing  the  accompanying  cluster 
K  Crux  at  8*"  20™  p.m.,  a  remarkably  fine  meteor  crossed  the  zenith  from  v  in 
the  constellation  of  Centaurus,  to  Nebula  Major.  By  estimation  the  meteor 
was  about  1 5'  in  diameter,  traversing  about  60°  in  four  seconds  of  time,  leaving 
a  long  and  remarkable  train  of  sparks  that  continued,  from  first  to  last,  about 
ten  minutes,  which  gradually  contracted  into  an  oblong  form  firom  1®  to  2°  in 
diameter,  and  for  a  time  appeared  to  station  itself  a  little  to  the  west  of  y  Crux. 
During  the  time  of  transit  the  meteor  gave  a  brilliant  illumination;  much 
more  incandescent  than  that  produced  by  the  full  moon." 

(2)  1866,  November  14th,  12>»  62™  30«  a.m.,  G.  M.  T  (Aberdeen)*. 

"  Being  in  the  observatory  for  a  few  minutes,  I  was  called  by  Professor 
Thomson ;  thinking  it  simply  an  expression  of  delight,  I  paid  no  attention  to 
it,  except  to  note^  tiie  time.     I  was  twice  called  again,  and  running  out,  was 

*  Thi)  and  the  two  following  descriptions  of  large  meteors  are  contained  in  a  Beport 
on  the  MeteorB  ol  the  13th-14tti  of  November,  1866,  to  Professor  Grant,  of  the  Glasgow 
Obserratory,  bj  Mr.  D.  Gill,  Assistant  at  the  Obeerratdrj,  King's  College,  Aberdeen, 
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jwt  in  time  to  see  a  glare  of  light  which  suddenly  disappeared,  leaving  a 
luminous  pateh  in  the  east. 

'^  **  Professor  Thomson  describes  it  as  a  brilliant  meteor  of  half  the  apparent 
diameter  of  the  moon,  of  an  intense  white  light,  which  rose  due  east  of  our  ob- 
seryfttoryy  apparently  from  the  sea,  slowly  describing  a  small  semicircle  of  3^ 
diameter  from  S.  to  N.,  occupying  nearly  thirty  seconds  in  doing  so,  and 
karing  behind  it  a  faint  luminous  track,  which  soon  disappeared. 

(3)  Ibid.  P  11"  33*  A.M. 

'^  3£y  attention  at  this  instant  was  attracted  by  a  glare  of  light  in  the  east. 
This  proceeded  from  a  brilliant  ball  of  a  reddish  colour,  fully  half  the  appa- 
rent diameter  of  the  moon,  which  seemed  to  be  rising 
from  the  sea  directly  under  the  star  €  Yirginis.  After 
attaining  an  altitude  of  8^  or  10°,  it  seemed  to  arch  over 
towards  the  north,  describing  a  semi-circle  of  about  2^ 
radius ;  when  the  lower  half  of  the  meteor  seemed  to 
fihdl  off,  emitting  a  train  of  luminous  sparks  which  fell 
vertically  downwards,  completing  the  arch  formed  by  the 
slightly  luminous  train  of  the  meteor.  The  accompany- 
ing rough  sketch  is  a  copy  of  one  made  in  my  notebook 
at  the  time,  and  represents  the  meteor  when  it  £u:st 
bunt.  The  total  time  of  visibility  of  the  meteor  may 
hare  been  about  ten  seconds. 

(4)  Ibid.  2»»  40™  58-  a.m. 

"  On  my  way  home,  when  about  half  a  mile  due  south  of  the  observatory, 
my  attention  was  attracted  at  this  instant  by  a  glare  of  light.  Looking  up, 
1  feared  that  I  had  missed  some  brilliant  meteor,  when  presently,  beyond  a 
housetop  close  to  the  east  of  me,  appeared  a  most  billiant  meteor  moving 
nearly  horizontally  with  an  apparently  slow  and  diminishing  motion.  I  ran 
to  the  middle  of  the  street,  which  enabled  me  to  see  backwards  (eastwards) 
along  its  path  (indicated  by  its  train),  which  appeared  to  have  commenced 
aomewhere  between  Mars  and  Pollux,  rather  nearer  the  latter.  The  nucleus 
passed  over  a  Tauri,  rested  an  instant  over  the  little  pair  of  stars  in  the  y , 
and  disappeared  without  noise.  The  path  and  point  of  disappearance  can  bo 
represented  thus  (fig.  1), 

Fig.  1. 
G-emini 
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"  I  should  estimate  the  apparent  diameter  of  tliis  meteor  as  one-fifth  that 
of  the  moon.  But  the  intensity  of  its  light  was  incomparahly  greater  than 
that  of  any  previously  observed,  and  its  character  more  resembled  sunlight 
than  any  other. 

"The  most  remarkable  feature  of  this  meteor,  however,  was  the  train. 
This  was  of  a  pale-yellow  colour,  and  at  first  it  remained  as  a  band  of  dense 
nebulous-looking  light,  about  half  a  diameter  of  the  moon  in  breadth,  along 
the  path  of  the  meteor,  as  in  No.  1. 

"  After  two  minutes  the  train  wound  about,  and  assumed  the  appearance 
of  No.  2. 

"  After  3|  minutes  it  had  collected  itself  into  a  nebulous-looking  cloud,  as 
in  No.  3,  which  remained  vividly  distinct  until  four  minutes  (by  the  watch) 
after  the  appearance  of  the  meteor,  when  it  was  obscured  by  a  cloud." 

Professor  Grant's  notes  of  its  appearance  at  Glasgow  refer  principally  to 
the  luminous  streak,  of  which  a  drawing 
at  the  time,  by  Mr.  Herschel,  is  here 

appended  in  illustration  of    Professor  •       ^^ 

Grant's  description.  #        ^v^ 

"  At  U^  4V^,  G.  M.  T.,  my  attention  ^        ^  >, 

was  directed  to  an  extraordinary  blaze  ^     v         "^v^      *^ 

of  light  in  the  constellation  Ursa  Ma-  €  #v^*        ^^      il 

jor.     When  first  seen  it  presented  the  ti'K^I^     J2       ^1^  'J 

appearance  of  a  slightly  curved  broad     •  V^^mJrX       ■''*   •  "* 

band  of  light,  indicative  of  the  train  of  v^*^  >      '' 

a  meteor  which  itself  had  already  dis-      •  *^^*^-SJ#Jfi>  li 

appeared,  and  which,  judging  from  what  *<;.^  tj 

was  left  behind,  must  have  far  exceeded  ^,v, 

in  lustre  any  of  the  meteors  seen  during  ^N;^f=^ 

the  night.     The  first  apparition  of  this 
remarkable  phenomenon  I  unfoi'tunately 

lost,  having  been  engaged  at  the  time  in  writing  down  some  details  in 
my  notebook.  It  was  obvious,  however,  that  the  meteor  had  only  just  va- 
nished, for  the  residuary  mass  of  light  was  still  very  bright.  I  could  only 
compare  its  appearance  in  this  respect  to  that  presented  in  a  dark  night  by 
the  blazing  furnace  of  one  of  the  great  iron-works  in  the  neighbourhood  of 
Glasgow.  In  less  than  a  minute  after  it  was  first  seen  it  assumed  the  appear- 
ance  of  a  horseshoe,  or  inverted  arch,  of  diffused  and  rapidly  diminishing 
light,  one  extremity  of  which  was  projected  upon  c  Urs8B  Majoris,  and  the 
other  upon  y  and  I  of  the  same  constellation  [No.  1].  Gradually  it  expanded 
in  dimensions  and  grew  fainter;  at  the  same  time  the  arch  became  more 
elongated  and  pointed,  suggesting  its  resemblance  to  a  merry-thought,  or  the 
outline  of  a  heart.  At  14*"  48"  the  western  extremity  was  still  attached  to 
€  UrssB  Majoris,  but  the  eastern  had  drifted  from  y  and  5  to  a  and  jS  of  the 
same  constellation  [No.  3] ;  an  effect  doubtless  attributable  to  the  prevalence 
of  a  westerly  wind,  which  was  blowing  at  the  time.  The  apex  was  seen 
to  descend  as  far  as  -^  Ursae  Majoris,  or  perhaps  a  little  lower.  This  remark- 
able object  continued  to  be  distinctly  visible  till  14**  56"*;  even  at  15^  traces 
of  it  might  still  be  discerned"*. 

Professor  Piazzi  Smyth  thus  describes  the  appearance  of  the  train  at  the 
Carlton  Hill  Observatory  at;  Edinburgh : — 

*  Explanation  of  tJie  figure. — No.  1.  Appe«rp.nce  of  the  streak  at  14**  42"»,  G.  M.  T. 
No.  2.  Appearance  at  14^  44™.  No.  3.  Appearance  at  14*»  48".  No.  4.  Shortly  before 
disappearance  at  14^  52™. 
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"  Qf  bright  meteors . . .  there  must  have  been  one  about  2*^  40"  a.m.,  between 
a  Urs»  Majoris  and  a  UrssB  Minoris ;  for  immediately  thereafter  the  central 
part  of  its  luminous  track  was  brilliantly  conspicuous,  like  a  silver  snake  in 
the  sky.  Prom  minute  to  minute  the  luminous  line  became  more  corrugated, 
widening  and  becoming  fainter  by  degrees ;  and  also  drifting,  apparently 
under  the  action  of  the  north-west  wind  blowing  at  the  time ;  even  after  a 
quarter  of  an  hour  the  train-matter  was  still  visible,  but  changed  to  some- 
thing like  the  outline  of  a  gigantic  pear,  and  drifted  some  30^  &om  its  first 
position." 

At  SunderliHid,  in  Durham,  Mr.  Backhouse  obtained  a  view  of  the  persistent 
light-streak,  and  to  his  report  is  added  a  de-  p«-     -* 

scription  of  another  meteor,   and  drawings    of  ^' 

their  appearance. 

"At  2"*  21",  a  meteor  as  bright  as  Jupiter, 
directed  from  (  Leonis,  left  a  train,  a  part  of  which 
lasted  two  minutes.  At  2**  22»  30«  it  was  like 
fig.l. 

"  On  looking  out  of  the  window  at  2^  42"  a.m. 
I  discerned  the  train  of  a  meteor,  the  upper  part      €anis 
^g  a  patch  of  light  much  brighter  than  the  rest.     MtMP  •  QL 

"Kg.  2  shows  it  soon  after  I  discovered  it,  and  fig.  3  at  2*"  44"  4(/  a.k. 
It  was  visible  at  2^  63". 

Pig.  2.  Fig.  3. 


•  cLCyjni  %  cC  Ci/jjti 

^  I  did  not  see  the  meteor,  but  am  told  that  it  was  as  bright  as  the  moon." 
A  description  of  the  meteor,  as  seen  at  Newcastle-upon-Tyne  by  Mr.  T.  P. 
Barkas,  gives  a  perfectly  similar  account  of  its  appearance.     The  meteor  shot 
past  Polaris,  and  became  extingpiished  in  the  neighbourhood  of  /3  Cephei. 

(4)  1866,  November  20th,  4^  a.m.  (local  time),  Nashville,  Tenn.  U.S. A. 
Extract  from  the  New  York  *  World,'  24th  November. 

^^Meteorological  Phenomenon, — At  Nashville,  about  four  o'clock  last  Tuos- 
%  morning  [the  20th  of  November  1866],  a  meteor  lighting  the  whole 
heavens  was  seen  in  the  direction  of  Rome,  Ga.,  moving  rapidly  south-west. 
It  appeared  like  a  ball  of  fire  as  large  as  the  sun.  It  exploded  apparently 
^cn  miles  ofi^  with  a  tremendous  report,  like  a  40-lb.  cannon,  that  shook  the 
earth  and  made  the  windows  rattle." 

The  "  phenomenon,"  if  it  actually  took  place  as  here  described,  forms  an 
addition  to  the  list  of  detonating  meteors  happening  about  the  20th  of  No- 
vember, already  enumerated  in  previous  Reports  (British  Association  Report, 
1866,  p.  125). 
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(5)  1867,  Juno  11th,  S"  f.k.,  0.  H.  T.  (France  and  SwitEerland). 

AocountB  of  this  meteor  were  collected  by  Professor  Ed.  Hageabach-Bis- 
ctoff  at  Sasle,  and  by  M.  W.  do  Fonrielle  at  Paris.  The  following  descriptioa 
of  its  appearance,  fint  ascendibg  vertically  and  then  slightly  falling,  at  Basle 
ahowg  that  a  projection  of  ita  courso  prolonged,  -would  pass  nearly  through 
that  town. 

"Bath,  June  13th,  1867. — I  stood  with  a  tclescopoon  the 'Bruderhok,' 
near  my  bouse  at  Uadorg,  when  the  meteor  made  its  appearance.     As  soon 


i»  obKired  in  tbo  telescope, 

as  it  appeared,  directly  over  the  middle  of  the  forest,  I  pointed  the  telescope 
to  it  and  examined  therewith  the  successive  changes  of  the  white,  semitrans  - 
parent,  faintly  luminous  cloud  which  it  left  for  the  space  of  about  an  hour. 

"  Immediately  after  the  disappearance  of  the  nucleus  (which  rested  like  a 
fixed  star  at  the  summit  of  its  course  for  about  half  a  second,  fig.  1)  there  re- 
mained at  the  spot  a  email  globular  cloud  (fig.  2)  which  rapidly  extended  itself, 
as  if  dissipated  by  an  upward  current  of  tiir,  as  in  fig.  3. 

"  It  then  took  the  form  of  a  winding,  riband-like,  or  irregularly  spiral  curve 
(fig.  4),  which  it  prcBOrved  for  the  fepace  of  about  half  an  hour,  and  at  last 
gradually  assumed  the  cimis-forms  shown  m  figs.  5  and  6,  and  disappeared 
in  the  approaching  darkness  after  nine  o'clock.  The  accompanying  figures 
are  exact  and  careful  representations  of  its  successive  transformations.  One 
remarkable  feature  of  the  phenomenon  was  that  the  originally  deposited 
small  globular  cloud  of  vapour  remained  visible  for  a  long  time,  as  shown  in 
figs.  3  and  4,  at  the  basis  of  the  streak."  (Report  of  H.  Christ  to  Professor 
£.  Hagenbach-Bischoff.) 

Excellent  bearings  of  the  meteor  taken  in  the  neighbourdood  of  Baelo  en- 


A  CATALOGUE  OP  OBSERVATIONS  OP  LUMINOUS  METEORS.  379 

able  Professor  Hagenbach  to  fix  the  summit  of  its  apparent  path  at  that  place 
at  12^**  aboTe  the  horizon,  45®  west  from  north,  in  the  direction  of  Dunkirk, 
Oise,  Aisne,  Meuse,  and  Mame  in  the  North  of  France. 

The  meteor  was  seen  in  daylight  at  Paris  proceeding  almost  horizontally 
at  an  altitude  of  about  22j^°,  from  3®  west  to  34°  east  of  north  (Comptes 
Rendus,  24th  June,  1867)*.  Comparing  together  the  observations  at  Basle 
and  Paris,  Professor  Hagenbach  concludes  that  the  meteor  moved  from  over 
Dunkirk  to  over  the  neighbourhood  of  Cambray,  in  the  D^partement  du  Nord 
at  a  height  of  between  sixty-five  and  eighty-five  miles  above  the  earth  in  a 
direction  fr'om  north-west  towards  south-east. 

The  following  observation  at  St.  Quentin,  in  Aisne,  twenty-five  miles  south 
of  Cambray,  shows  that  the  meteor  continued  its  course  still  further  towards 
the  east,  and  probably  passed  a  short  distance  south  of  St.  Quentin  j  and  of 
the  course  assigned  to  it  by  Professor  Hagenbach. 

"  A  very  small  point  of  crimson-red  light  was  first  seen,  appearing  in 
the  east  and  proceeding  rapidly  north-* 

wards,  as  from  a  to  ^  in  the  figure  •  .^.^ 

(No.  1).     It  then  changed  its  appear-        ^^  ^  ^..•••**7^ 

ance  to  a  flame-colour,  and  suddenly 
altered  its  direction  at  an  obtuse  angle 
descending  towards  the  west  of  north, 

as  from  b  to  e,  and  gradually  became  extinguished.  Its  duration  was  about 
two  seconds.  After  its  disap- 
pearance there  remained  in  the 
sky,  traced  with  wonderful  di* 
ftmctness,  a  bright  white  streak 
m  the  form  of  fig.  2.     In  the 

course  of  ten  minutes  its  lines  sLa^  gr 

grewwider  and  became  diffuse."  s£^ 

(Report  of  Hormisdas  Leblanc, 
Mayor  of  St.  Quentin,  to  M.  W.  de  Fonvielle.) 

The  sudden  change  of  course,  noticed  by  M.  Leblanc,  was  probably  attended 
by  a  detonation ;  for  at  Braine  sur  Yiste,  near  Soisson,  in  Aisne,  about  thirty 
miles  south  of  St  Quentin,  M.  Ed.  Lainney  reports  to  M.  de  Fonvielle  : — 

**  Walking  in  the  fields  at  about  eight  o'clock  on  the  evening  of  the  11th 
of  June,  we  heard  a  heavy  report  like  that  of  a  distant  mine  exploding,  or  of 
a  battery  of  cannon  fired  off  in  the  distance.  Twenty  miles  from  this  place,  at 
Presnes,  a  luminous  meteor  was  seen  moving  from  N.W.  to  S.E.y  audit  burst 
with  a  loud  explosion." 

Distant  views  of  the  meteor  were  obtained  in  the  Cote  d*Or  and  in  Haute 
Hame,  which  confirm  the  other  accounts  of  the  long  duration  of  the  smoke- 
like  train,  and  afford  some  moro  details  of  the  position  of  the  meteor.  The 
first  of  these  reports  is  by  M.  L.  Roussy,  chronometer- maker  to  the  Toulouse 
Observatory,  whose  acquaintance  with  the  writings  of  M.  Petit  on  the  sub- 
ject of  luminous  meteors  led  him  to  observe  the  phenomenon  with  particular 
attention. 

**  I  was  in  the  train  which  had  just  left  the  station  near  Dijon  (Cdte  d*Or) 
returning  to  Paris,  and  leaning  against  the  window  on  the  right  of  the  train, 
when  at  8*  9"*  (Paris  time)  I  perceived  a  luminous  streak  of  very  intense 
light  preceded  by  an  advancing  fireball,  of  which  the  accompanying  figure 

*  H.  J.  J.  Silbennann,  who  saw  the  meteor  from  the  ColUge  de  France,  thought  that 
its  altitude  was  "about  6Cr"  (Letter  to  M.  de  Fonvielle);  and  other  acoounte  at  Paris 
Msign  intermediate  heighta  to  these. 
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(^g.  1)  is  a  rough  sketch.    A  break  in  the  streak  about  the  middle  of  i 

Fig.l. 


JTon'zQn 

length  showed;  a  point  where  the  fireball,  on  arriving  i 
undergone  a  partial  extinction  for  an  instant  before  acq\ 
dour  with  which  I  saw  it  in  its  course  from  B  to  C. 
disappeared,  as  shown  in  the  figure,  with  a  shower  ol 
or  32°  above  the  horizon. 

"  During  the  space  of  eight  minutes  the  train  of  ligh 
while  its  brilliancy  at  the  same  time  gradually  decreasec 
diffuse,  both  lengthening  and  widening,  and  undergoiu 
shape  at  the  ends,  which  folded  Fig. 

in  upon  themselves  thus — (see 
fig.  2).  It  still  continued  to  in- 
crease in  length  and  volume,  and 
to  move  pretty  rapidly  towards 
the  west,  while  the  changes  of 
its  shape  continued.  At  nine  o'clock  it  was  still  v 
brightness^  and  having  now  the  shape  shown  in  fig. 


Fig.  3. 


*J3 

until  it  vanished.     Its  colour  at  this  time  resembled 
funnel  of  a  locomotive  engine  discoloured  by  coal-smol 
the  apex  of  a  triangle  where  two  lines  of  the  streak 
without  any  portion  of  the  streak  between  them.     A 
a  little  over,  and  to  the  right  of  the  sunset  made  its 
aid  the  gradual  motion  of  the  streak  towards  the  west 

"  I  expected  that  from  the  great  height  at  which  tfc 
placed,  it  would  still  continue  to  be  illuminated  for  a  i 
it  gradually  disappeared  at  the  same  time  that  the  stai 
appearance  in  the  sky. 

"  At  9*"  15™  P.M.  the  length  from  a  to  It  was  three  ti 
the  streak  had  whenit  was  first  deposited." 

At  Vignes  (Haute  Mame)  the  meteor  appeared  in 
moved  slowly  and  nearly  horizontally  at  a  small  apparc" 
hoiizon  from  north-west  to  south-east.     It  was  brillian 
peared  in  ten  or  twelve  seconds  without  explosion,  leavixi^   **  \  x^bich  ^^P^' 
light,  which  at  first  had  the  appearauco  represented  in    "^  ^^' 


.  *i 


00"^'^ 


{U 


.,  mte,  and  di«.p- 


A  CATAL0O17E  OF  OBSEBVATIONa  OF  LUUINOVS  METB0B8. 


881 


seired  for  some  minatee.    The  Btreak  then  expanded,  and  became  bent  and 

Fig.l. 


Fig.  2. 


Fig.  3. 


iut  losing  its  bright  and  dense  appearance  into  the  form  of  fig.  2. 

elve  minutes  after  its  first  appearance  its  form  was  that  of  fig.  3. 

r  drifting  slowly  from  the  east  towards   the  west,  and  without 

ling  of  its  sharpness  of  definition  and  bright  white  appearance  it 

.  behind  a  cloud,  fifteen  or  twenty  minutes  after  the  time  of  its 

ance.    (Report  of  M.  Gilbin  to  M.  de  Fonvielle.) 

unts  of  numerous  other  observers  in  Paris,  Eheims,  and  Strasbourg, 

it  Luxembourg,  and  at  Geneva,  Bern,  Zurich,  and  lielthal,  in  Swit- 

weU  as  at  lindau  on  the  eastern  shore  of  the  Lake  of  Constance, 

le  same  general  appearance  of  the  meteor,  the  occurrence  of  which 

ite  of  the  9th  of  June,  marked  in  the  present  year  by  the  fall  of 

(noticed  in  the  next  paragraph)  in  Algeria,  and  in  1866  by  the 

.'Anyahinya,  appears  to  connect  it  with  tiie  same  aerolitic  period  to 

latter  meteorites  belong. 

III.   ASBOLIIES. 

.e  9th,  lO''  30"*  P.M.    (local  time).     Plain  of  Tadjera,  Amer  Gue- 

bala,  near  Setif,  Algeria, 
nous  body  was  seen  to  descend  towards  the  oarlh,  and  when  arrived 
in  height  to  burst  into  fragments.  The  flash  of  light  was  followed 
ing  noises,  which  ended  in  three  loud  reports,  and  were  attended 
of  aerolites.  Three  stones,  which  are  undoubted  meteorites,  were 
s  picked  up,  and  brought  to  Setif,  which  is  ten  miles  from  the  place 
1  fragment,  which  is  deposited  in  the  museum  at  Algiers,  is  placed 
oosal  of  the  French  Academy.  (ComptesRendus,  August  5th,  1867.) 

IV.  Shower-Meteors. 

Meteoric  shower  of  October  18th  to  20th,  1866. 

e  Reports  for  the  year  1847,  the  following  observation  occurs, 
3r8  to  an  abundance  of  meteors  about  the  date  of  the  17th  to  the 
tober,  seen  at  Whitehaven  by  Mr.  J.  F.  Miller,  in  the  previous 

r  saw  more  meteors  than  this  winter.     From  October  17th  to 
Betv.  1 7th  they  appeared  in  great  numbers  every  clear  night,  some  as 

large  as  o  ^.piter.     The  most  remarkable  were  between  October  17th  and  26th, 
and  on  November  10th,  11th,  and  12th." 
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The  ocourrence  of  a  meteorio  shower  with  a  very  precue  and  weU-desfined 
radiant-point  at  v  Ononis  on  the  18th  of  October  1864  and  20th  of  October 
1865,  was  noticed  in  these  Reports  (for  1866,  p.  122 ;  and  1866,  p.  134), 
and  the  remarkable  peculiarity  of  meteors  emanating  from  this  radiant-point 
was  pointed  out,  that  they  are  characterized  by  very  ruddy  colour,  and  by 
leaving  voluminous  streaks. 

On  the  nights  of  the  18th-20th  of  October  1866,  the  sky  was  so  gene- 
rally overcast  in  England  that  no  special  observations  of  the  recurrence  of 
the  shower  could  be  collected.  An  incidental  confirmation  of  the  periodical 
recurrence  of  remarkably  fine  meteors  on  this  date  is,  however,  afforded  in 
the  present  catalogue  by  the  account  of  an  unusually  large  meteor,  seen  at 
sea  between  England  and  Ireland,  on  the  morning  of  the  19th  of  October 
1866 ;  and  described  by  Mr.  J.  Seymour  Davies.  The  fireball  presented 
precisely  those  peculiar  features  which  characterize  the  meteors  emanating 
from  this  special  radiant-point,  both  by  its  violet  colour,  approaching  to 
crimson,  and  by  leaving  a  persistent  luminous  streak,  which  remained 
visible  fiye  minutes  by  the  watch.  The  direction  of  the  meteor,  "  from  south 
to  north,"  also  agrees  with  that  which  meteors  passing  nearly  overhead  from 
this  radiant-point  would  pursue  at  3*^  a.m.  (which  was  the  hour  of  the  obser- 
vation), when  the  constellation  of  Orion,  in  which  the  radiant-point  is  placed, 
is  situated  upon  the  southern  meridian. 

Meteor-shower  of  November  13th-14th,  1866. 

On  the  night  of  the  12th-13th  of  November  the  densely  overcast  state  of 
the  sky  in  England  permitted  few  observations  to  be  recorded. 

At  the  Observatory,  King's  College,  Aberdeen,  five  observers  took  their 
station  at  10^  p.m.,  and  watched  until  1^  30"  a.m.  on  the  18th.  Mr.  D. 
Gill  reports ; — 

<'  The  sky  was  beautifully  clear,  excepting  a  low  bank  of  cloud,  whieh 
extended  all  round  the  horiaon.  At  12*»  50"  small  patches  of  dond  appeared 
in  different  parts  of  the  sky,  but  entirely  disappeared  by  1*  30"  a.m.  Rtieaks 
of  aurora  appeared  irregularly  throughout  the  whole  night. 

"  Comparatively  few  meteors  with  trains  were  observed  on  this  evening 
and  the  following  morning,  most  of  the  phenomena  partaking  more  of  the 
appearance  of  ordinary  shooting-stars.  In  the  accompanying  journal  their 
general  position  only  is  noted." 

The  particulars  of  a  few  meteors  of  a  marked  description  are  entered 
above,  in  the  Catalogue.  The  numbers  of  the  meteors  seen  in  the  successive 
half  hours  by  the  five  observers  were  as  follows : — 

h  m 

In  the  half-hour  ending   1030 

Number  of  meteors  seen 4 

Two  flashes  of  lightning,  in  the  S.8.E.,  were  seen  at  1**  1™  and  1**  6"  43' 

A.M. 

At  Glasgow,  with  the  sky  two-thirds  clear,  Mr.  A.  S.  Herschel  recorded 
two  meteors  in  twenty  minutes  on  the  same  morning,  from  3''  to  3**  20''  a.m. 

November  13th-14th, — Clouds 'generally  prevailed  on  the  evening  of  the 
13th,  and  cleared  off  on  the  morning  of  the  14th  of  November.  The  follow- 
ing are  extracts  from  the  principal  reports  on  the  apparition  of  the  shower : — 

At  Manchester. — "  The  night  was  tempestuous,  with  lightning,  rain,  and 
hail  until  12**  15"  a.m.  on  the  14th,  after  which  the  sky  frequently  became 
partially,  or  even  totally  obscured  at  intervals,  but  remained  tolerably  clear 
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imtil  1^  30»  A.K.  The  finest  part  of  the  display  endured  from  12*"  45**  until 
V  15"  A.M.,  when  the  numbers  seen  fell  off  most  rapidly,  canirafy  to  the 
ordinary  role  of  horary  increase,  until  4  o'clock  a.m.  As  far  as  I  can  esti- 
mate,  the  number  seen  by  one  person  about  1  o'clock  must  have  averaged 
abont  50  in  one  minute.  At  1^  45°^  I  counted  50  in  six  minutes^  and  at 
3  o'clock  only  15  in  ^\q  minutes  ! 

<'  There  was  rather  a  remarkable  glare  during  the  display,  and  the  sky  was 
not  nearly  so  dark  as  it  should  have  been."     (Letter  from  Mr.  Greg). 

Report  of  Mr.  Panoer,  optician  and  practical  astronomer,  of  Manchester,  to 
Mr.  Greg. — "  Meteors,  Morning  of  November  14th,  1866,  Manchester. 

No«  of  metsQi* 
IntenraL  leeo.  Eemaipki, 

From  12'*  37"»  a.m.  to  12^  53"  a.m.        16*  146  3  observew, 

„     12»»69°»    „     „     V    0»    „  62-  100  a       „ 

At    2»^15»    „  6"»  66  3       „ 

'<  The  largest  seen  had  a  purplish  train  and  colour. 

**  One  gentleman,  in  a  very  favourable  position  in  Cheshire,  reports  fifteen 
meteors  seen  at  once."     (Communicated  by  Mr.  Greg.) 

BUxekhum,  Lancashire. — "  At  12*^  15"  a.m.,  meteors  appeared  at  the  rate  of 
two  or  three  per  minute.  At  1**  a.m.,  four  or  five  conspicuous  meteors  were 
nearly  constantly  to  be  seen  in  the  sky.  One  observer  might,  if  his  view 
were  entirely  uninterrupted  by  clouds,  see  fifty  simultaneously.  At  2**  15** 
A.M.  a  comparative  cessation.  At  3*^  a,m.,  only  a  few  weak  ones  in  the  space 
of  two  or  three  minutes.  At  4*",  6^,  and  6^  a.m.  no  farther  appearances,  the 
sky  becoming  more  permanently  overcast,  with  few  glimpses  of  the  stars. 
Immediately  before  sunrise,  the  sky  being  clear,  there  were  no  meteors 
visible."     (From  the  Manchester  '  Examiner  and  Times.') 

BeetUm  Observatory,  Nottingham.  Extract  from  Mr.  Lowe's  observa- 
tions : — "  The  first  meteor  seen  was  at  7**  69"  p.m.,  on  the  N.E.  horizon, 
large  and  bursting  like  a  rocket.  From  8**  until  10**  p.m.  much  cloud.  Prom 
10*  P.M.  until  11^  P.M.  cloudless,  twelve  small  meteors  seen.  Between  9**  p.k. 
and  11*  P.M.  six  flashes  like  faint  reflected  lightning*.  At  10*36"  p.m.  an 
indistinct  meteor,  a  mere  dull  spark,  moved  from  N.  to  8.  horizontally  (this 
was  evidently  very  low  down,  as  a  hill  behind  it  was  higher  than  the  meteor. 
It  was  impossible  to  be  deceived  in  this,  and  I  consider  that  it  passed  within 
100  yards  of  me).  The  sky  was  again  cloudy  until  nearly  half-past  1  o'clock 
A.M.,  but  quite  light  from  the  meteors. 

h  in 

"  About  1  20  A.M.  I  counted  myself       104  in  a  minute, 

atl  30    „  „  „  100 

atl  60    „  „  „  80 

at  3  30    „  they  had  diminished  to      6         „ 

and  at  4  30    „  „  „  4         „ 

''  I  watched  all  through  the  night  before,  and  we  had  three  different  times 
clear  sky  of  from  20°*  to  30"^  duration  between  heavy  showen,  but  not  a 
single  meteor  w^  seen;  and  on  the  night  following  the  shower^  when 
clear,  there  were  but  few  seen  here."| 

OundU, — Keport  of  H.  Weightman: — '*  On  the  night  of  the  12th,  although 
keeping  a  strict  watch  between  6*  30™  and  7*  30"*  p.m.,  and  again  between 
8*  30™  and  9*  30™  p.m.,  I  saw  no  meteor.     I  watched  again  in  the  open  air 


light?" 


The  lightning  flashes  had  not  the  looks  of  Uglitning.     Was  it  reflected  meteor 
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from  11  P.M.  until  5^  A.ic.,  on  the  morning  of  the  14th,  and  recorded    the 
following  numbers : — 


Hour. 


••«•••#< 


II**  P.M.   to    12**  P.M. 

I2^P.M.    „  I2*»  35"»A.M 

I2*»  35™A.M.   to  12**  50™  A.M. 


Numbers 
Been. 


75 
500 

500 


Arerage  number 
per  minute. 


I 
14 

33 


Bemarks. 


Some  time  lost  in  preparations. 
SeTeral  obseryers  on  me  watch. 


.     WJ    A40-     ^\j— A.m.  ^W  33  ft 

(Their  number  then  became  too  great  to  admit  of  being  oopnted.) 


11 


4*»  A.M.  to   5** I        50      I 


Sereral  obaerrers  on  the  watch 


"  A  few  flashes  of  sheet  lightning  occurred  at  intervals.  From  l"*  to 
1^  15"  A.M.,  during  which  time  I  should  think  that  the  meteors  were  most 
plentiful,  an  intensely  dark  cloud  gradually  overspread  the  heavens,  but 
went  off  again  very  quickly.  The  effect  produced  by  the  meteors  seen 
through  the  breaks  was  very  striking.'' 

Wisbechy  Cambridgeshire. — ^The  numbers  registered  during  the  night  of 
the  13th-14th,  by  Mr.  S.  H.  Miller,  with  the  assistance  of  Mr.  J.  Kerridge 
and  Mr.  T.  Williams,  were — 


Hour,  G.  M.  T. 

Number  of 

meteors 

seen. 

Average 

number  per 

minute. 

Bemarks. 

h    m              h    m 
From  1 1     0  P.M.  to  12    0  a.m. 
„     12    0       „       10  „ 

If      10       „       I  10  „ 

If      I  19       »»      *    0  " 
If      »    0      If       3    0  »f 
fi      30      »»       4    0  II 
II      40      If       50,, 
Total  number  seen 

30 
45* 

41 

199 
228 
162 

45 

I 
8 

4 

7 

4 

3 
I 

Floating  clouds  in  the  sky. 

If               If 
r  A  gale  of  five  pounds' pressure 
springing  up  with  clouds  and 
1    rain.    Meteors  in  rapid  sue- 
I,  cession  seen  through  breaks. 

f  Frequent  clouds.     Lightning 
\  was  seen,  of  a  ruddy  hue. 

Floating  douds. 
r  The  sky  after  this  became  over- 
ly  cast ;  with  rain. 

1157 

On  the  night  of  the  14th-15th,  which  was  much  more  favourable  for  ob- 
servations, there  were  few  meteors  seen. 

At  Norwich, — B«port  of  Mr.  J.  Crompton,  assisted  by  Mr.  R  Pindor : — 
"  Clouds  passed  constantly  from  N.W.  to  S.E.  during  the  evening  of  the  13th. 
Lightning  wsis  seen  near  the  S.E.  horizon,  but  no  thunder  was  audible.  A 
splendid  meteor  passed  from  east  to  west  at  9*^  30™. 

"  From  11**  65"  to  12^*  55"  we  counted  193  meteors.  Average  3  per 
minute.  At  that  time  the  sky  was  overcast.  By  1**  30"  it  was  clear  in  t!ie 
south  (S.E.  to  S.W.),  though  still  cloudy  in  the  N.  and  N.E.  From  1^  30" 
to  1*  45"  A.M.  we  counted  360  meteors  at  least  Average  23  per  minute. 
They  appeared  in  rushes  of  3,  4,  or  6  at  once.  Several  were  visible  through 
the  fleecy  clouds.  Had  the  sky  been  dear  all  the  time,  I  verily  believe  that 
we  should  have  counted  thousands.  Gathering  clouds  drove  us  in  with  rain, 
at  2^  15"  A.ir.  However,  at  a  later  hour  it  cleared  somewhat,  and  I  saw 
several  more  following  the  tracks  of  their  predecessors." 

At  Ayhham,  Norfolk. — Mr.  W.  H.  Scott  reports  that  on  the  morning  of 
the  14th, "  at  1^  15"  a.m.  there  was  for  about  10  minutes  a  perfect  shower  of 
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meteors.  In  60  seconds  I  counted  28,  although  my  place  of  observation  was 
»hut  in  by  a  house  on  one  side.  The  least  number  that  I  counted  in  60  se- 
(X)nds  during  the  time  mentioned  was  thirteen.  A  dense  cloud  then  came 
orer  from  the  N.W.,  and  I  could  see  no  more.  They  were  quite  observable 
through  the  edges  of  the  doud  when  it  first  came  over." 

At  Wimbledon, — A  record  of  the  number  of  the  meteors  was  kept,  with 
other  particulars  of  the  shower  which  will  be  given  later  on,  by  Mr.  E.  C. 
Penrose,  assisted  by  one  other  observer.  The  names  of  the  observers  are  in- 
dicated by  the  letters  E.  and  fi.  in  the  register. 


Hoar  of  obaerra- 
tion,  G.  M.  T. 


h    m    8 
From  12  57  20 

to   12  59  50 
From     115 

to     z     2  40 
From     I   10  20 

to     I   12     5 


From 
to 


} 


I   16  50  1 
I  x8  20  J 


Interval,  in 

minutes  and 

Booonds. 


m  8 

2  30 

I  35 

I  45 

X  30 


Number  of  meteors  seen  by  the  observers 
F.  and  H.  looking 


South. 


33.  H.    Sky  partially 
cloudy. 

24.  H.  Sky  consider- 
ably cloudy*. 

19.  F.  Sky  much 
olouded. 

53.  F.  Sky  nearly 
dear. 


North. 


51.  F.  Sky  clear. 
50.  F.  Sky  clear. 

100.  H.  Sky  clear.  Number 
by  estimation  (many  more 
than  were  counted), 

81.  H.  Sky  dear. 


At  London, — On  the  top  of  Primrose  Hill,  Mr.  T.  Crumplen,  assisted  by 
Mr.  H.  J.  Wix,  recorded  the  number  of  meteors  seen  during  the  shower. 
The  sky  was  absolutely  cloudless.  A  bright  auroral  glare  spread  itself  over 
the  north  and  north-eastern  sky  between  10**  and  11*  p.m.,  sufficiently 
Immnous  to  obscure  the  fainter  stars.  Occasional  sheet-lightning  was  ob- 
served during  the  progress  of  the  shower.  The  observers  looked  in  opposite 
directions,  and  counted  audibly  to  prevent  reduplication. 


Hour  of  obser- 
vation, Nov. 

I4ti),  A.M. 

Interval 

in 
minutes. 

Number  of  meteors 
seen  by 

Total  in  all 

parts  of  the 

sky. 

Average 

number  per 

minute. 

Mr.  Wix, 
looking  S. 

Mr.Crumplen, 
lookingrf. 

h  m 
From  12  25' 

to  12  35/ 
From     2    7 

to     2  17/ 

10  " 
10 

196 

69 

225 
80 

421 
149 

4a 
15 

The  above  numbers,  in  both  cases,  appear  to  show  that  more  meteors  were 
visible  in  the  northern  than  in  the  southern  half  of  the  sky.  The  maximum 
was  reached  between  1*"  and  1*  16™  a.m.,  when  103  meteors  were  counted 
in  90  seconds  in  a  space  not  exceeding  one-third  part  of  the  sky,  in  a  N.W. 
direction. 


*  After  this  time  the  observers  changed  places.  During  the  interval  from  i**  40"  to 
1  A.M.  there  vras  a  comparative  absence  of  meteors.  Soon  afterwards  the  sky  became 
much  overcast. 

1867.  .  2  D 
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At  HawJehurst,  Kent. — After  midnight,  on  the  morninfc  of  the  14th,  the 
fiky  was  nearly  cloudless.     One  observer,  looking  towards  the  north. 

From  12*"  0"  to  12*  5"  a.m.,  counted  25  meteors.    Average  6  per  min. 
Froml2»^48"»tol2»^60JA.M.,      „       68        „  „'    27 

Flashes,  like  faint  lightning  behind  a  small  cloud,  occurred  at  12*  35"  A.ir., 
and  another  later  on.  A  third  was  seen  about  2*  30"  a.m.,  which  could  not 
be  traced  to  any  spot. 

At  Cowes,  Isle  of  Wight Report  on  the  meteors  of  the  13th-14th  of 

November  1866.     ("  The  Times,"  Nov.  16th.) 


Hour  of  observa- 

Interval, 

No.  of 

Average 

tion. 

in 

meteors 

No.  per 

Bemarlu. 

From 

To 

minutes. 

seen. 

minute. 

h  m 

h    m 

11  30 

12     0 

30 

66 

2 

12     0 

30 

30 

2CO 

7 

30 

^o 

20 

201 

10 

SO 

S8 

8 

190 

44 

58 

I       2 

4 

201 

50 

2 

5 

3 

206 

70 

5 

10 

5 

214 

4» 

10 

ZI 

I 

100 

100 

II 

13 

2 

206 

103 

Kate  of  apparition  now  too  fi;reat  for 
the  meteors  to  be  counted  for  some 

minutes. 

I  50 

I  54 

4 

83 

21 

At  I  •»  30"  rain  fell  sharply. 

Bain  fell  again  during  the  last  in- 

2 20 

2  35 

^5 

73 

5 

at 

3  15 

2  or  3 

terval. 

at 

5    0 

none  seen 

At  SidmontJi,  Devonshire. — Report  of  Mr.  H.  S.  Heinecken  on  the  meteor-^ 
shower  of  the  13th-14th  of  November  1866. 

The  sky  was  overcast,  with  frequent  showers,  until  12**  8"  a.m.,  and  again 
from  a  quarter  before  one  to  one  o'clock.  At  one  o'clock  it  cleared  for  about 
ten  minutes,  and  after  this  it  only  cleared  again  at  intervals  throughout  the 
night.  Three  observers  looked  due  north,  east,  and  south,  through  the  closed, 
sloping  windows  of  an  observatory,  which  exactly  faced  in  those  directions, 
and  obtained  the  following  enumerations : — 


Hour  of  observa- 
tion, Nov.T4th,  A.M. 

Interval, 

in 
minutes. 

No.  of 

meteors 

seen. 

457 
130 

31 

Average 
No.  per 
minute. 

Bemarks. 

From 

To 

h    m  s 
12     8  10 

100 

3  10    c 

h   m     B 
12  45    0 

I  10    c 

3  20    0 

m      8 
36     50 

10 

10 

12 

13 
3 

Throe  observers,  looking  N.,E.  and  S. 
Two  observers  only,  looking  £.and  S. 
Do. 

At  5**  10™  A.M.  the  sky  was  suddenly  illuminated  by  a  flash  of  Ughtning; 
but  the  light  was  of  longer  duration,  and  the  meteor  (if  such  was  the  cause 
of  it)  was  not  seen. 

Bathwick  Hill,  Bath. — Report  of  Mr.  W.  Dobson,  on  "  Meteors  observed 
at  Bath.  Nov.  14th,  1866." 
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Hour  of  obseira- 
tion,  Nov.  14th,  A.M. 

Interval, 
in 

No.  of 
meteors 

Average 
No.  per 
minute. 

Remarks. 

From 

To 

minutes. 

Been. 

h   m 

h    m 

12    0 

la  15 

75 

5 

15 

30 

"4 

8 

30 

43 

aai 

'5 

I    5 

1   10 

aaa 

44 

Skr  overcast  with  clouds  linoe  the 

10 

»S 

260 

S» 

last  interval. 

15 

20 

_ 

a  14 

43 

10 

25 

163 

33 

as 

30 

103 

21 

30 

35 

6a 

la 

,       35 

40 

60 

la 

!     40 

.     45 

44 

9 

'      45 

50 

43 

9 

50 

a    0 

10 

35 

7 

1    0 

5 

45 

9 

5 

20 

44 

9 

10             ao 

xo 

44 

5 

The  nnmben  were  counted  bj  Mr.  DobBon  when  not  occupied  with  observa- 
tions  at  the  telescope ;  when  thus  employed,  another  obserrer  took  up  the 
numbers,  and  continued  to  register  the  meteors. 

At  Birmingham, — Report  of  Mr.  W.  H.  Wood  on  the  November  meteors 
of  1866,  at  Birmingham. 

'<  Numbers  counted  in  one-third  of  the  hearens,  containing  the  radiant- 
point,  by  Mr.  Wood,  observing  singly. 


2' 

Hour  of  observa- 
tion, Nov. 

Interval, 

in 
minutes. 

No.  of 

meteors 

seen. 

Average 
No.  per 
minute. 

Bemarks. 

4  ; 

From 

To 

h    m 

h  m 

>3 

10  41  P.M. 

II    15  P.M. 

34 

8 

0 

Paths  and  particulars  mostly 
noted. 

II  15 

34 

19 

a 

0 

Amount  of  cloud  \.    Light- 
ning in  N.  at  io»  57". 

34 

55 

21 

6 

0 

Amount  of  cloud  J. 
Overcast,  rain,    uloud  -f^. 

55 

la    0  A.M. 

5 

I 

0 

;  H 

.    12     OA.H. 

10 

10 

9 

I 

aoud  i. 

10 

22 

12 

16 

li 

Then  cloud,  }. 

1 

22 

26 

4 

9 

a 

Cloud,  *. 

26 

28 

2 

8 

4 

28 

33 

5 

34 

7 

Sky  clear,  and  remained  so 

33 

36 

3 

ai 

7 

till  a**  25",  then  cloudy. 

36 

39 

3 

32 

II 

The  rate  of  apparition  is 

39 

43 

4 

52 

n 

now  so  great,  that  onl^ 

43 

45 

2 

37 

18 

special  phenomena  are  re- 

45 

56 

II 

^$S 

a3 

corded. 

I  25 

I  29 

% 

87 

aa 

I 

35 

4» 

60 

10 

41 

47 

6 

56 

9 

55 

57 

a 

16 

8 

57 
a  10 

a    4 
14 

7 

4 

18 

10 

2| 

2i 

[inN. 
Sky  Imzy.    Clouds  gathering 

20 

23 

3 

5 

I 

Cloudy.     Observations  dis- 

continued. 

2d2 
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"  Number  of  meteors  seen,  in  half  hours,  in  a  third  part  of  the  sky. 


lim  hmhm  hm  h 

In  the  half  hour  ending      12  30  1  0      1  30  2  0  2 

Number  of  meteora  seen            56  610        684  308           v 

Estimated, /or  aZ/ the  sky      170  1540      2050  920         210 


m 
30 
'^O 


Total. 

1628 
4890 


"  Time  of  Max.,    P   0™  a.m. — 1*^  25™  a.m.,  No.  for  all  parts,  not  lees  than  70  p.  min. 
Hour  of  Max.,  12>»  30"  a.m.— 1»»  30™  a.m.,  „  „  3590  meteors." 

At  Aberdeen, — Report  of  Mr.  D.  Gill  to  Professor  Grant,  on  the  meteors 
of  the  evening  of  Tuesday  the  13th  of  November,  and  morning  of  Wednesday 
the  14th  of  November  1866. 

"  Two  observers  took  their  stations  at  10^  p.m. 

*'  The  evening  was  beautifully  clear.  A  low  bank  of  clouds  surrounded 
the  horizon  to  a  height  of  3°  or  4° ;  but  this  soon  cleared  oif. 

'*  A  breeze  from  the  west  became  stronger  as  the  night  advanced,  but  no 
cloud  appeared  untU  2^  30*"  on  the  morning  of  the  14th,  and  by  3  o'clock  the 
sky  was  totally  obscured.     Aurora  was  visible  in  regular  rays  from  the  north. 

<^  From  the  accompanying  journal,  giving  details  of  observations  up  tiU 
12**  48|i™  A.M.,  ic  will  be  seen  that  the  number  of  meteors  seen  in  the  previous 
minute  was  200. 

"  From  this  time  meteors,  generally  with  nuclei  of  the  brilliancy  of  Venus, 
and  apparently  emanating  from  Leo,  shot  out  in  all  directions  in  such  great 
numbers  as  to  defy  computation. 

"  By  1**  30"  the  numbers  had  so  fallen  off  that  from  that  moment  100 
were  counted  in  3"^  57*  (about  25  per  minute),  and  at  2^  the  same  number 
in  5"^  20%  or  a  little  less  than  twenty  per  minute.  The  following  is  a  list  of 
the  numbers  visible  as  observed : — 


Eyening  of  1 3th  NoTember. 

Morning  of  14th  November. 

Hour  of  observa- 

Hour of  observa- 

Total No. 

tion,  P.M. 

Total  No. 

Number 

tion,  A.M. 

Average  rate 

from  10** 

m  15 

p  If   on 

of  apparition 

From 

To 

P.M. 

minutes. 

From 

To 

the  13th. 

per  minute. 

h    m 

h    m 

h    m   s 

h    m  6 

10    0 

10  15 

2 

2 

12    0    0 

12    7  30 

100 

3 

10  15 

30 

5 

3 

7  30 

18  30 

200 

9 

30 

45 

10 

5 

18  30 

24  30 

300 

17 1 

.  uniform. 

45 

11    0 

17 

7 

24  30 

30  30 

400 

17J 

II     0 

15 

29 

12 

30  30 

34    0 

500 

30 

.  nniiV«i.m 

»5 

30 

38 

9 

34    0 

37  30 

600 

30J  - 

30 

45 

53 

15 

37  30 

40    0 

700 

40 

45 

12    0 

85 

3» 

40    0 

45  30 

900 

45 

1 

45  30 
47  30 

47  3c 

48  30 

loco 

50 
200 

At  i*»  30™  A.M.,  ay. 

1 
rate  per  mm  25.    { 

1200 

„  ^^  o» 

ft 

>t 

II       10. 

1                1 

"  A  very  striking  feature  is  the  markedly  rapid  increase  compared  with 
the  gradual  decrease.  A  curve  representing  the  observations  would  indicate 
bands,  or  periods  of  uniform  numbers." 

At  Glasgow. — After  midnight,  until  1  o'clock,  passing  clouds  from  the 
west  occasionally  obscured  the  sky.  From  1  o'clock  until  after  3  o'clock  a.m., 
the  sky  was  perfectly  free  from  clouds.  The  rate  of  apparition  of  the  me- 
teors was  registered  at  intervals  throughout  the  shower  by  Professor  Grant,  as 
given  in  the  subjoined  list.  Some  notes  of  their  numbers  from  Mr.  HerschePs 
observations  are  also  placed  in  the  register,  and  are  denoted  by  the  letter  H. 
Those  numbers  observed  by  Professor  Grant  are  designated  by  the  letter  G. 
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'  Hour  of 
obeerra- 
tion,  A.M. 


h.  m. 

12  15 

12  45 

I     o 


No.  of  meteors 
per  minute. 


2  estimated.  H.* 
12  do.     H.* 
25  do.    H.* 


Hour  of 
observa- 
tion, A.M. 


b.  m. 
I  10 

I  X5 
I  20 

I  25 

I  30 


No.  of  meteors! 
per  minute. 


56counted.H. 

57.0. 

43.  G. 

30.  G. 

43  in  2".    G. 


Hour  of 

obsi 

Brva- 

tion 

,  A.M. 

h 

m 

I 

35 

2 

4 

'% 

34 

3 

0 

4  30 

No.  of  meteors 
per  minute. 


21  counted.    H. 
13.  O. 

3  in  2"count.  H. 

2.  G. 

X  in2"»or3"*.  C^. 


At  about  12**  30"  a.m.  an  extremely  vivid  flash  of  lightning  waa  observed, 
which  could  not  be  traced  to  any  cloud,  nor  to  any  meteor  then  visible  in 
the  sky.  The  last  observations  were  made  at  5  o'clock  a.m.,  and  the  heavens 
had  then  resumed  their  normal  aspect. 

AiSunderlandy  Durham. — Report  of  Mr.  T.  W.  Backhouse  on  the  November 
meteors,  1866,  as  seen  at  Sunderland. 

"  I  looked  out  for  meteors  now  and  then  on  the  morning  of  the  13th,  but 
saw  none.     It  was  mostly  cloudy. 

**  On  the  evening  of  the  13th  I  looked  out  frequently  for  meteors  until 
afler  10^  p.m.,  but  saw  only  one,  at  S^  23". 

"  On  the  following  morning  I  watched  from  12*  15"  to  3*  35"  a.m.  The 
night  was  splendid,  though  there  were  often  small  clouds ;  but  1  do  not 
think  that  they  at  all  affected  the  number  of  the  meteors  that  I  counted. 
It  was  windy.  I  saw  a  flash  of  distant  lightning,  unless  it  was  the  light  of 
a  meteor  below  the  horizon.  There  was  a  very  faint  aurora  of  an  irregular 
kini  I  counted  the  meteors  now  and  then,  and  saw 
a  out  of  a  S.W.  window. 
h  out  of  an  E.  window,  which  commands  not  quite  so  much  of  the  sky 

as  the  S.W.  window. 
c,  d,  e  out  of  doors ;   e  looking  towards  y  Geminorum ;  d  towards 
Capella ;  and  e  in  different  directions. 
''The  most  that  I  ever  counted  visible  at  once  was  six  meteors.     It  was 
between  12*  52"  and  12*  53"  a.m.    At  12*  31"  I  first  saw  three  at  once." 


Hour  of  observation, 
Nov.  14th  A.M. 

Interval  in 

minutes  and 

seconds. 

Number  of 

meteors  seen. 

a  b  c  d  e 

Average  rate 

per  mmute. 

a  b  c  d  e 

From 

To 

h  m    8 
12  32    0 

39    0 
52    0 

h  m   a 

la  34  45 

40  45 

53    0 

f     I  10    5 

lor?    9    5t 

^7  57 
31    lO 

35  35 
45     3 
57    0 
2  28  45 
380 
18  45 

33  35 
6  x8  45 

m     8 

»    45 

I     45 
I      0 

I     40 

or?  0    4ot 

I       4 
I     20 

...20 

•••7 

13 

as 

}25(or?6it) 

'  »9 

...21 

40 

2C 

J 

1               

I    8  25 

\^l... 

26  53 
29  so 

34  35 
42  50 

52    0 

j    2  26  25 

1     3    4  33 
15    0 

31  45 
6  16.  ot 

J               

3» 

...30 

35 

30... 

39 

10 

1  0 

2  13 

5      0 

2  20 

3  27 

3    45 
I     50 

»    45 

35 

14... 

8 

A 

10 

*r 

^ 

...1 1 

J 

•  -3 

2 

4 

I 

0*A 

^  T 

*  These  numbers  were  recorded,  from  recollection  of  the  appearance  of  the  nieteorn,  im- 
mediately  after  the  cessation  of  the  shower. 
t  Conflicting  journal  entries  make  this  statement  doubtful. 
t  ApproQchmg  twilight  made  stars  below  the  third  magnitude  iuvibible. 
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At  FlimweH,  Hurstgreen,  Sussex. — Mr.  Hewlett  obtained  aa  uainterrupted 
view  of  the  shower  horn  an  elevated  situation  near  his  residence,  with  a  per- 
fect view  of  the  horizon  on  all  sides.  The  numbers  which  he  reckoned, 
although  higher  than  those  of  the  foregoing  estimates,  were  fairly  counted, 
and  indicate  the  time  of  the  maximum  with  considerable  precision.  Two 
observers  looking  towards  opposite  directions  counted  aloud  to  prevent  redu- 
plication, and  as  each  counting  of  meteors  was  registered,  the  time  by  a  chro- 
nometer was  taken  as  nearly  as  possible.  The  error  of  the  chronometer,  if 
any,  can  hardly  have  exceeded  one  minute. 


Date,      1   Hour  of 

Intenral,  in 

Number 

Arerage 

Date, 

i      1866, 

Not. 

Hour  of 

Intenral, 

Number 

Average 

1880, 

obtenra- 

minute* 

counted 

rate 

obaerrap 

inminutea 

counted 

rate 

No?. 

tion, 

and 

inthn 

per 

tion, 
G.M.T. 

and 

in  the 

P«' 

G.M.T. 

■econda. 

interval. 

minute. 

aeoondi. 

interraL 

minute. 

h   m    B 

m    S* 

• 

) 

P.M.  13th 

II  54    0 

A.M.  14th 

5  30 

0  30 

xoo 

2CO 

to 

6  30 

I     0 

100 

100  \ 

A,ii.  X4ih 

12    14    30 

20    30 

100 

5 

7  30 

X    0 

xoo 

xoo      1 

20 

5  30 

50 

9 

8    0 

0  30 

xoo 

200  1 

26 

6    0 

50 

8 

8  30 

0  30 

100 

2CO 

30 

4    0 

100 

^5 

9  30 

I     0 

xoo 

xoo 

35 

5    0 

100 

20 

xo    0 

0  30 

xoo 

200  J 

39 

4    0 

ICO 

15 

IX  30 

I   30 

xoo 

66 

^. 

3    0 

xoo 

33 

12    30 

I      0 

xoo 

100 

45* 

3    0 

100 

33 

14    30 

2      0 

100 

^^   ; 

46  30 

I  30 

xoo 

66 

X5  30 

I      0 

xoo 

100   1 

48 

I  30 

100 

66 

16  30 

I      0 

xoo 

xoo 

50 

2    0 

xoo 

50 

x8    0 

I    30 

150 

xoo 

5'  30 

I  30 

100 

66 

19    0 

I      0 

100 

100 

52  30 

I     0 

xoo 

100 

20  30 

I    30 

2CO 

133 

54    0 

X  30 

xoo 

66 

25    0 

4  30 

250 

56 

55     0 

I    0 

xoo 

xoo 

26  30 

I  30 

100 

66 

56    0 

I    0 

xoo 

xoo 

28    0 

X  30 

100 

66 

58     0 

2    0 

xoo 

50 

32    0 

4    0 

xoo 

*5 

59    0 

X     0 

xoo 

xoo 

51     0 

X9    0 

5oot 

53 

I     I     0 

2      0 

100 

50 

55    0 

4    0 

xoo| 

*5 

2    0 

I      0 

xoo 

100 

2     3  30 

8  30 

100 

X2 

2  30 

0   30 

100 

200  "1 

15    0 

II  30 

xoo 

9 

3    0 

0    30 

xoo 

200 

27  30 

12  30 

100 

8      ' 

4    0 

I      0 

100 

100 

2  40    0 

12  30 

xoo 

8 

5    0 

I      0 

100 

xoo 

I 

The  watch 

was  the] 

a  suspen 

ded  until  4**  5"  a.m. 

A.X.  J  4th 

450 

• 

A.M.  X4th 

X7    0 

7     0 

20 

»? 

to 

28    0 

XX      0 

19 

'^, 

29    0 

24    0 

50 

»^ 

52    0 

23    0 

50 

2i 

5  xo    0 

18    0  ' 

20 

'4 

The  numbers  projected  on  a  curve  (fig.  1)  show  that  the  observer's  station 
traversed  the  richest  portion  of  the  zone  of  meteors  between  1**  2"  and  P 10" 
A.M.  on  the  morning  of  the  14th  of  November  1866 ;  and  that  lesser  max- 

*  From  this  time  attention  was  ahnost  exclusively  confined  to  merely  counting  the  meteors 
without  continuing  to  record  their  apparent  paths  amongst  the  stars. 

t  These  500  were  counted  by  one  observer  during  the  other's  absence.  Two  observers 
miffht  hare  counted  1000,  or  53  par  minute. 

I  Began  again  to  have  time  to  record  the  apparent  paths  of  the  meteors  amongst  the 
stars. 
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ima  of  the  display  also  occurred  about  12'*  oO"",  1**  20",  and  1^  40™  .i.M.  during 
the  progress  of  the  shower. 

Fig.  1. — Kate  of  apparition  per  minuto  of  meteors  observed  by  Mr.  Hewlett 
at  Flimwell,  near  Hurst  Green  in  Sussex,  on  the  morning  of  the  14th  of 
NoTembor  1866,  with  one  assistant. 
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At  Leyton,  Essex. — ^The  total  numbers  of  meteors  and  their  average  fre- 
quency per  minute,  in  successive  five  minutes  on  the  morning  of  the  14th  of 
November  1866,  as  observed  at  Mr.  Barclay^s  observatory  at  Ley  ton,  are 
thus  stated  by  Mr.  Talmage : — 


In  the  fire  minutes 
ending  ftt 

Total 

number 

counted. 

Avcrofre 
number 

per 
minute. 

In  the  five  minutea 
1              .ending  at 

1 

Total 

number 

counted. 

Average 
number 

per 
•mmute. 

h    m 

1                     h   m 

1^07.  14th   It   57  A.lf. 

"5 

13 

Not.  14th  I  37  A.N. 

109 

22 

I     2 

I2S 

as 

4^ 

57 

IX 

i                            7 

231 

46 

47 

55 

11 

12 

3*4 

64 

5* 

31 

6 

'7 

239 

47 

57 

22 

4 

22 

214 

43 

2     2 

28 

6 

27 

147 

29 

7 

37 

7 

1  ^^ 

X04 

21 

2  12 

20 

4 

Tlie  numbers  projected,  like  the  former,  in  a  curve  show  that  the  greatest 
frequency  of  the  meteors  at  Leyton,  on  the  morning  of  the  14th  of  November 
1866,  took  place  at  very  nearly  ten  minutes  after  one  o'clock,  and  that  ten- 
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dencies  to  other  maxima  were  observed  at  twenty  miniites  and  thirty- five 
minutes  after  one,  agreeing  nearly  with  the  previous  curves. 

Fig.  2. — Average  rate  per  minute  of  meteors  observed  at  the  Cape  of  Good 
Hope,  and  at  Leyton,  in  Essex,  November  14th,  a.m.,  1866. 
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At  theCfl^e  of  Good  Hope, — Royal  Astronomical  Society's  *  Monthly  Notices,' 
vol.  xxvii.  p.  66.  The  meteoric  shower  was  well  observed  at  the  Boyal  Ob- 
servatory, and  described  by  Mr.  G.  W.  H.  Madear,  commencing  at  1^3"*  a.m. 
(Cape  time),  and  reaching  its  maximum  between  2**  10™  and  2^  13"  a.m.,  when 
in  three  minutes  200  meteors  were  observed. 

Deducting  1**  13"  55'  (long,  of  the  Cape  of  Good  Hope  Observatory,  E. 
from  Greenwich)  from  the  hours  of  observation,  and  projecting  the  numbers 
of  the  Cape  register,  like  thoj  foregoing  numbers,  in  a  curve,  it  is  seen 
(fig.  3)  that  the  maximum  at  the  Cape  of  Good  Hope  took  place,  in  point  of 
absolute  time,  about  thirteen  minutes  earlier  than  at  Leyton ;  and  the  other 
inflections  of  the  curve: at  the  Cape  of  Good  Hope  are  displaced  from  those 
at  Leyton  by  about  an  equal  interval.  Mr.  G.  Forbes,  of  St.  Andrews  Uni- 
versity, accounts  for  the^ldifference*  by  showing  that,  in  the  relative  position 
of  the  earth  with  respect  to  the  zone  of  meteors  on  the  morning  of  the  14th 
of  November  1866,  the  Cape  of  Good  Hope  would  touch  their  boundary,  and 
would  become  plunged  into  the  thickest  portion  of  their  stream  about  thirteen 
minutes  before  the  same  phenomena  would  be  perceived  in  England. 

At  Greenwich. — Royal  Astronomical  Society's  *  Monthly  Notices,'  vol.  xxvii. 
p.  54. — ^The  rate  of  frequency  of  meteors  per  minute  at  the  Royal  Obser^'a- 

*  Philosophical  Magnzinc,  S.  4.  vol.  xxxiii.  p.  282. 
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tory,  Greenwich,  during  the  night  of  the  13th-14th  of  November  1866,  was 
recorded  by  a  party  of  eight  observers  under  the  direction  of  Mr.  Glaisher. 
The  diagram  (^g.  3)  shows,  in  the  same  manner  as  the  preceding,  the  average 

Pig.  3.     Hours  of  observation,  1866,  November  13-14. 
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number  of  meteors  per  minute  observed  at  Greenwich,  on  the  13th-14th  of 
November,  between  the  hours  of  11  p.m.  and  4  a.m.  Besides  four  principal 
maxima  of  frequency  at  12^  40%  V  10",  1^  20",  and  V  50°^  a.m.,  two  other 
smaller  maxima  are  seen  to  have  occurred  at  2**  45°*  and  3**  46"  a.m.  The 
Greenwich  observations,  in  extenso,  are  printed  in  the  Greenwich  *  llesults  of 
Magnetical  and  Meteorological  Observations  '  for  the  year  1866. 

At  the  Eoyal  Observatory,  Greenwich,  Mr.  J.  W.  L.  Glaisher  recorded 
a  number  of  the  apparent  paths  of  the  meteors,  amply  sufficient  to  determine 
the  positions  of  the  principal  radiant-point  in  Leo,  and  of  two  others  of  less 
consequence,  one  in  Gemini  and  the  other  in  Perseus. 

Among  the  tracks  of  meteors  recorded  by  Mr.  Glaisher's  staff  of  observers 
at  the  Boyal  Observatory,  about  sixty  of  the  apparent  paths  were  projected 
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on  a  general  chart  of  the  constellations  (see  figure)  *  specially  provided  by 
the  Committee  of  the  British  Association  for  this  purpose,  with  a  view  of  de- 
Tracks  of  Meteors  observed  at  the  Royal  Observatory,  Greenwich,  1866, 

November  13-14. 


termining  the  exact  position  of  the  radiant-point.  The  tracks  prolonged 
backwards,  with  very  few  exceptions,  pass  across  a  small  circular  area,  about 
10°  in  width,  having  its  centre  near  the  star  x  Leonis,  about  j°  north  of  that 
star  in  right  ascension  148°  50'  (O*^  SS'"),  N.  Decl.  23°.  The  position  of  the 
small  star  a?  Leonis  (Bode)  is  the  identical  place  assigned  to  the  radiant- 
point  of  the  great  November  shower,  in  the  year  1833,  by  Professor  Twining. 
At  Glasgow, — The  tracks  of  eighty -three  meteors  recorded  between  the 
period  of  the  greatest  intensity  of  the  shower  at  1^  15°*  a.m.  and  2**  40™  a.m. 
were  projected  by  Mr.  Herschel,  with  the  assistance  of  Mr.  A.  Macgregor,  on 
a  similar  chart,  and  indicate  nearly  the  same  position  of  the  radiant-point  in 
R.  A.  149°  (9^  56™),  N.  Decl.  24°t.  Professor  Grant,  by  means  of  the  same 
star-chart  and  with  forty-three  alineations,  obtained  for  the  position  of  tho 
radiant-point  R.  A.  147°  35'  (9»*  50"),  N.  Decl.  22°  53' ;  whHe  his  assistant, 
Mr.  J.  Plummer,  with  the  projections  of  twenty-six  alineations  on  the  same 
map,  found  the  position  of  the  radiant-point  in  R.  A.  150°  30'  (10^  2"),  N. 
Decl.  21°  36'.  Allowing  twice  the  weight  to  the  former  determination,  the 
definitive  position  of  the  radiant-point  that  results  from  both  of  these  obser- 
vations combined  is  in  R.  A.  148°  33'  (9»*  54'"),  N.  Decl.  22°  30'.  A  list  of 
fifteen  of  these  positions  of  the  radiant-point  are  given  by  Mr.  Herschel  in 

*  Diagram  at  p.  55,  vol.  xxyii.  of  the  '  Monthly  Noticec '  of  the  Bojal  Afitronomical 
Society. 

t  Diagram  at  p.  56,  vol.  rxvii.  of  tho  •  Monthly  Notices '  of  the  Rojral  Astronomical 
Society. 
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the  *  Monthly  Notices '  of  the  Royal  Astronomical  Society,  vol.  xxvii.  p.  19  *, 
of  which  this  and  the  following  paragraphs  contain  the  original  descriptions. 

At  LotuJton. — Mr.  T.  Crumplen  and  Mr.  8.  H.  Wix  report : — *•  Watching 
carefully  at  12^  45"  to  1*^  15",  and  indeed  at  other  times  throughout  the 
momingy  we  came  to  the  conclusion  that  the  radiant  was  in  the  space  con- 
tained between  the  stars  (,  .r,  fx,  e  Leouis,  at  a  spot  indicated  on  the  Chart  of 
the  Biitiah  Association  as  R.  A.  147°,  N.  Ded.  24?,  This  was  arrived  at  by 
observing  meteors  in  the  immediate  neighbourhood  of  those  stars,  some  of 
them,  coming  almost  from  the  very  point  itself,  and  visible  only  as  enlarged 
stars  with  scarcely  any  perceptible  train." 

Report  of  H.  M*^Leod : — "  I  only  noticed  four  meteors  from  other  points ; 
bnt  t^e  principal  radiant-point  was  most  clearly 
defined. 

"  The  figure  represents  the  six  stars  in  Leo ;  and  /^ 
the  radiant-point  appeared  to  me  to  be  as  near  as 
possible  to  the  intersection  of  lines  joining  the 
opposite  stars  of  the  trapezium.     One  very  bright      y^     \  •  ^ 

one  appeared  about  2^  16n»  a.m.,  just  to  the  right 
of  the  radiant-point,  and  burst,  leaving  a  green  Y  0^ 

spot  which  lasted  about  half  a  minute." 

At  Wimbledon, — Mr.  F.  C.  Penrose  states  that  "  the  origin  or  radiant-point 
in  lico  was  clearly  between  y  and  e ;  but  I 
question  if  a  single  point  gives  a  satisfactory 
origin,  and  I  submit  that  a  circle  of  about  3° 
in  diameter  is  more  consistent  with  the  direc- 
tion of  the  paths  of  the  meteors,  as  F  in  the 
figure." 

At  Hawkhurst, — Sir  John  Herschel  laid 
down  the  position  of  the  radiant-point  with 
great  precbion  on  Bodo's  chart  of  the  constel- 
lation Leo  on  the  morning  of  the  14th  of  No- 
vember, and  found  its  "  longitude  for  1866| 
(allowing  55'  for  precession  since  1801,  the 
epoch  of  the  chart)  to  be  142^  20',  and  its  lati- 
tude 10^  15'  North."  (Monthly  Notices  of  the  lloyal  Astronomical  Society, 
vol.  xxvii.  p.  20.) 

At  Freshwater,  Isle  of  Wight. — ^Mr.  Fritchard,  the  President  of  the  lloyal 
Astronomical  Society,  in  a  letter  to  Mr.  Herschel  states  that  on  the  14th  of 
November  he  marked  the  radiant-point  thus,  {©  Nov.  13,  I860},  "ato^Leonis 
(the  least  bit  above  it).  I  should  say  that  it  was  too  plain  to  admit  mistake 
to  those  who  looked  long  enough." 

At  Clifton,  Somersetshire. — In  a  letter  to  *  The  Times '  (of  November 
15th)  Mr.  (i.  F.  Burder  writes :--"  It  was  especially  interesting  to  watch  the 
meteors  which  took  their  origin  in  the  immediate  neighbourhood  of  the  centi-e 
from  which  they  all  radiated.  With  the  aid  of  these,  it  was  easy  to  deter- 
mine ¥rith  exactness  the  radiant-point  This  spot  was  in  a  line  between  y 
and  11  Leonis,  about  3°  from  the  former,  and  5^°  from  the  latter  star." 

At  Birmingham, — Mr.  Wood's  report,  under  the  head  of  General  Remarks, 

»  Two  errata  id  that  paper  require  correction.  The  positions  there  excluded  from  tlie 
final  arcroge  are  Nos.  0,  10,  11,  and  not  Nos.  9.  10,  11,  as  stated.  The  final  average  in 
the  paper  is  the  arithmetical  nuMn  of  the  remaining  twelve  positions  in  R.  A.  and  decl-- 
nation,  ffimng  equal  weight  to  every  point  \  and  not,  as  there  stated,  the  centre  of  a  small 
circular  area  containing  them. — A.  8.  U. 
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contains  a  description  of  phenomena  at  the  radiant-point.  '*  Stationary  ob- 
jects continually  appeared  at  a  point  situated  in  the  centre  of  the  quadrilateral 
y,  (,  fi,  e  Leonis,  at  K.  A.  148°,  N.  Decl.  25° ;  and  these  appeared  as  blue  ne- 
bulous patches  3'  or  4'  in  diameter.  Meteor-streaks  within  a  circle  of  4®  radius 
round  this  point  appeared  more  compact  and  hrighter  than  those  obserred 
elsewhere." 

A  printed  account  of  the  meteoric  shower  by  Mr.  D.  Smith  describes  the 
radiant-pointj  or  point  from  which  the  meteors  emanated,  as  most  clearly  and 
beautifully  kept.  "  This  point  was,  in  the  present  instance,  about  the  centre 
of  the  '  sickle '  in  the  constellation  Leo." 

At  Beestan  Observatory,  Nottingham. — Mr.  Lowe  reports  that  "At  2^  1", 
and  again  at  2*^  9™,  and  at  4^  31"^  a.m.,  meteors  appeared  on  the  exact  radiant- 
point  in  Leo,  blazed  out,  and  died  away  without  moving.  I  traced  sixty 
meteors  to  ascertain  the  exact  point,  and  1  made  it  nearer  e  than  17  Leonis. 
If  a  line  were  drawn  from  a  to  p,  and  another  from  y  to  e  Leonis,  where 
those  two  lines  cut  each  other  I  conceived  the  point  was  close  to." 

At  Wishecfi,  Cambridgeshire. — Mr.  S.  H.  Miller  briefly  describes  the  radiant- 
point  thus : — "  The  point  of  radiation  was  manifest  from  the  first.  I  should 
fix  the  radiant-point  between  y  and  i^  of  Leo." 

At  Manchester, — Mr.  Greg  considered  tliat  the  radiant-point,  "  though  not  a 
mathematical  centre-point,  was  very  closely  round  the  star  (  Leonis,  extend- 
ing from  y  Leonis  towards  e  Leonis  Minoris." 

At  Sunderland, — ^Tho  position  of  the  radiant-point  was  determined  with 
care  by  Mr.  Backhouse,  who  states  that  "  the  meteors  belonged  to  two  classes. 
Class  I.  Those  radiated  from  Leo.  I  carefully  traced  back  the  courses  of 
fifty-four  of  them,  and  found  the  radiant-point  to  be  R.  A.  9**  57"  (148°  15'), 
N.  Decl.  23®  50'.  But  tracing  it  only  from  those  in  and  near  Leo,  between 
12^  30»  and  2^  8™  a.m.,  it  seemed  to  be  11.  A.  9^  561"*  (149°  16'),  N.  Decl. 
23°  15' ;  and  from  those  in  and  near  Leo  between  2^  8'"  a.m.  and  3^  35"  a.m.; 
11.  A.  9»»  58^'"  (149°  37'),  N.  Decl.  22°  45'." 

Mr.  J.  Crompton  reports  from  Wisbech,  Cambridgeshire : — "  It  seemed  as 
if  we  could  moi'k  out  in  the  sky  the  path  that  they  would  take,  or  almost  hong 
wires  for  them  to  run  upon,  so  regularly  did  they  pass  over,  in  lines  converg- 
ing backwards  over  a  space  in  or  about  Leo.  I  think  that  we  noticed  only 
three  which  took  any  other  or  opposite  direction." 

The  point  of  radiation  during  the  principal  part  of  the  display  on  the  morning 
of  the  14th  of  November  1866,  was  observed  in  France,  at  Metz,  by  M.  C. 
M.  Goulier,  who  frequently  projected  it  from  comparison  with  the  sky  upon 
the  planisphere  of  Chazallon.  Corrected  for  precession  since  the  date  of  the 
map  (18500),  the  coordinates  of  the  position  of  the  radiant-point  were 
R.  A.  149-5  (9^  58"),  N.  Decl.  23°.  M.  Goulier  adds  that  "  the  uncertainty 
attaching  to  this  position  of  the  radiant-point  is  certainly  less  than  one  degree." 
(Comptes  Eendus,  December  1866.) 

BriyJitness  of  the  Meteors, 

Mr.  F.  C.  Penrose,  at  Wimbledon,  Surrey,  reports  on  the  morning  of  the 
14th,  that  "  at  1^  20™  a.m.,  or  thereabouts,  a  very  bright  meteor  passed  to- 
wards the  south-west  and  produced  a  very  sensible  reflected  light.  Neither 
F.  or  H.  saw  the  meteor,  but  only  the  reflected  light.  On  looking  up,  the 
train  was  distinctly  seen,  and  remained  visible  for  at  least  two  minutes  by 
estimation. 

"  H.  recorded  one  meteor,  only,  which  was  clearly  brighter  than  Sirius ; 
and  F.  questions  having  seen  any  brighter  than  Sirius.     That  above  men- 
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tioned  ^hich  was  made  known  by  its  reflected  light  alone)  may  have  ap- 
proacbea  the  maximum  brilliancy  of  Yenns.'' 

The  meteor  which  appeared  over  Scotland  at  2^  41»  a.m.,  as  seen  by  obser- 
vers viratching  the  meteors  from  the  top  of  Carlton  Hill,  threw  their  ^adows 
on  the  ground.  It  was  the  reflected  light,  also,  which  first  drew  Mr.  Gill's 
attention  to  it  at  Aberdeen. 

A  writer  in  the  *  Newcastle  Chronicle '  states  that  *'  sometimes,  when  two 
or  three  large  meteors  would  fall  straight  down  in  a  parallel  course  leaving 
long  streams  of  light  behind  them,  a  greenish  glare  was  cast  around." 

The  scale  of  brightness  of  eighty-tfaj:«e  considerable  meteors,  whose  appa- 
rent paths  were  recorded  at  the  Glasgow  Observatory  by  Mr.  Alex.  8. 
Herschel,  assisted  by  Mr.  A.  Macgregor  for  the  purpose  of  determining  the 
radiant-point,  was  as  follows : — 

As  bright  as  Jupiter,  or  brighter . .     2  meteors  =    3  per  cent. 

„  Sinus  14      „       =17      „ 

„         Ist-mag.  star^ 39       „       s=5  48       „ 

„         2nd-mag.  star 26      „       =32      „ 

The  report  of  Mr.  Backhouse  at  Sunderland  contains  a  similar  estimate  of 
their  brightness. 

''  About  1^  50°^  A.M.  I  tried  to  ascertain  the  proportion  of  meteors  of  dif- 
ferent magnitudes,  with  the  result  below : — 

Brighter  than  Ist-mag.  star. .  . .  2  =  7  per  cent. 

=  1st    „         4  =  14 

=  2nd  „         6  =  17 

=  3rd  „         6  =  20 

=  4th  „         8  cs  28 

=  5th  „         4  =  14 

Total 29       100 

Mr.  Baxendell,  at  Manchester,  gives  the  following  enumeration  :-^ 
Out  of  every  100  meteors,  10  were  above  the  1st  mag. ;  the  brightest 
of  these  were  two  or  three  times  brighter  than  Sirius : 

15  were  between  1st  and  2nd  mag. 
25  „  2nd  „    3rd    „ 

30  „  3rd  „    4th    „ 


15  „  4th  „   5th 

5  were  below  the  5th  mag. 


99 


100 


Mr.  8.  H.  MiUer  reports  at  Wisbech,  Cambridegshire : — "  With  very  few  ex- 
ceptions, those  1  registered  were  equal  to  stars  of  the  Ist  or  2nd  magnitude, 
but  some  were  as  bright  as  Sirius." 

Colours  of  tJu  Meteors, 

Mr.  Birmingham,  at  Tuam,  describes  the  meteors  as  '^  having  the  nuclei 
generally  red  or  deep  orange,  while  the  tails  were  greenish  blue." 

Mr.  V.  Fasel,  at  Dr.  Wrigley's  Observatory  at  Clapham,  describes  the  nuclei 
as  "  yellow,  orange,  and  sometimes  red,  while  the  luminous  paths  were  of 
an  emerald  green,  or  bluish  hue,  though  in  some  cases  red." 

Mr.  Hugh  Weightman,  at  Oundle  (Notts),  reports  that  "  the  colour  of  the 
nuclei,  from  being  a  mixture  of  red,  green,  purple,  and  yellow,  became 
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gradually  a  bright  reddish  yellow,  and  the  trains,  even  after  the  nuclei 
became  yellow,  were  generally  green." 

The  writer  in  the  '  Newcastle  Chronicle',  already  mentioned,  states  that 
the  meteors  **  moved  across  the  sky,  leaving  in  their  track,  lines  Bometimes 
of  greenish  light,  and  sometimes  of  a  dull  red  colour." 

Mr.  Hewlett,  at  Flimwell  (Kent),  states  that  '*  the  nuclei  were  mostly 
bluish  white,  except  when  near  the  horizon  they  appeared  of  an  orange  or 
ruddy  tint.  The  trains  were  generally  of  a  greenish-white  hue,  except  for 
the  last  two  degrees  or  so,  which  at  the  moment  of  explosion  assumed  a 
ruddy  appearance." 

Mr.  Lowe  reports,  at  Beeston,  near  Nottingham,  that  "  the  great  number 
of  large  meteors,  on  the  8.E.  horizon  up  to  15°  altitude,  were  mostly 
orange-red,  whilst  those  between  Leo  and  the  north  were  bluish  white." 

Mr.  J,  Crompton  states,  at  Norwich : — "  The  colours  of  the  nuclei  were 
mostly  white,  blue,  metallic-green,  and  sometimes  a  coppery  red.  One 
which  I  saw  cross  the  foot  of  Ursa  Major  was  marked  as  changing  its 
colour  from  whitish  blue  to  red." 

An  observer  at  Hawkhurst  (Kent),  reports  that  "  the  brighest  colours, 
whether  of  head  or  streak,  appeared  in  those  which  were  nearest  to  the 
radiant-point.  One  brilliant  one  at  that  place,  seen  by  four  or  five  of  us, 
turned  piure  mauve  [lilac]  colour  before  it  exploded." 

At  Saragossa,  in  Spain,  "  The  meteors  all  left  a  well-defined  tail  or  track 
of  sparks  of  a  pale  bluish  colour,  and  they  finally  exploded  with  a  brilliant 
white  or  yellow  flame ;  in  some  instances  the  flame  appeared  tinged  on  the 
edges  with  a  vivid  emerald-green  colour,  and  others  exhibited  tints  of  pink 
or  crimson  and  blue." — (The  Times,  Nov.  19.) 

Mr.  T.  Crumplen  states,  in  his  report  of  observations  made  on  Primrose 
Hill  with  Mr.  8.  Wix : — "  We  saw  a  number  of  meteors  differing  in  colour, 
some  of  a  gold  or  copper  tint,  some  quite  ruddy ;  hut  the  very  great  majority 
were  brilliant  white  or  blue,  resembling  the  electric  light. 

"  The  prevailing  tinge  of  the  trains  was  decidedly  green."  In  his  letter 
to  the  '  Evening  Standard  (Nov.  15th),  Mr.  Crumplen  also  remarks,  that 
"  the  general  colour  of  the  nuclei  was  of  a  pale  blue,  while  a  brilliant  pea- 
green  marked  the  trains." 

Amongst  other  observations  at  Cambridge,  Professor  Challis  records,  that 
''  a  circumstance,  which  I  had  not  noticed  at  the  August  period,  was  a  blue 
or  green  appearance  of  several  of  the  trains,  with  heads  of  a  ruddy  colour. 
Some  few  of  the  heads  also  were  thought  to  be  blue." — (Monthly  Notices, 
R.A.S.,  vol.  xxvii.  p.  77.) 

Mr.  Greg,  at  Manchester,  considers  that  "  the  prevalent  colour  of  the 

meteors  was  a  dull  white *  I  saw  one  fine  green  one,  with  a  defined 

disk,  near  the  radiant-point,  about  12*^  30"*,  which  began  with  a  brilliant 
nucleus,  and  another  crimson  and  green ;  and  I  fancy  that  I  occasionally 
perceived  a  very  slight  bluish  tinge  in  the  trains." 

Mr.  H.  S.  Heinecken,  observing  at  Sidmouth,  states  that  "  almost  invari- 
ably the  colour  of  the  head  was  ruddy.  The  trains  of  by  far  the  greater 
proportion  were  greenish  blue ;  some  of  them  more  intense  greenish  blue, 
and  more  compact  and  less  powder}*^  than  others.  The  green  was  not  unlike 
the  combustion  of  silver  by  the  galvanic  current." 

At  the  Cape  of  Good  Hope  Observatory  the  shower  was  noticed  by  Sir 
Thomas  Maclear  as  consisting  of  "  orange-coloured  meteors,  leaving  streaks 
of  green,  mingled  with  ordinary-looking  shooting-stars."  (Edinb.  Quar- 
terly Review  for  January  1867.)     Mr.  G,  W.  H.  Maclear  considered  "  the 
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preTailing  colour  [of  the  nuclei]  to  be  orange,  with  a  long  sea-green  train. 
Others  were  of  a  deep  red,  like  balls  of  fire,  without  any  train  at  all." 

Mr.  D-  Gill,  at  Aberdeen,  further  noticed  that  the  trains,  "  which  at  first 
were  of  a  bluish  or  yellow  colour,  changed  into  a  beautiful  emerald-green." 

At  Clifton,  Mr.  6.  E.  Burder  particularizes  the  colour  of  the  trains  as 
being:  "  of  a  most  delicate  greenish  hue.  This  greenish  tint  was  very  con- 
stant. The  meteors  themselves,  on  the  contrary,  had  often  a  ruddy  glow ; 
and  in  cases  when  the  path  was  very  much  foreshortened  to  the  eye,  and  both 
traLas  and  meteor  could  therefore  be  seen  in  opposition,  the  contrast  between 
the  colours  of  the  two  was  very  remarkable."     (The  Times,  Nov.  16.) 

At  Chesham,  Bucks,  according  to  the  report  of  Mr.  C.  Grover,  "  Most  of 
the  meteors  exhibited  a  decidedly  red  head,  with  a  bluish-green  train.  I 
noted  that  their  altitude  had  a  great  influence  on  their  colour,  those  on  the 
horizon  being  much  more  tinted  than  those  in  the  zenith,  where  some  of  the 
brightest  looked  nearly  white,  with  blue  trains.  Their  position,  with  regard 
to  the  radiant-point,  also  greatly  influenced  their  colour.  Those  whose  paths 
were  considerably  foreshortened,  in  and  about  Leo,  showing  brilliant  colours, 
the  red  head  and  greenish  train  being  strongly  contrasted,  while  those  with 
long  trains  in  the  west  were  comparatively  pole  in  colours." 

Spectroscopic  Observations, 

At  the  Royal  Observatory,  Greenwich,  Mr.  Carpenter  of  the  Astronomical 
Department  of  the  Observatory,  and  Mr.  Nash  of  the  Meteorological  Depart- 
ment, had  spectroscopes,  but  neither  detected  any  luminous  or  dark  lines  in 
the  spectra  of  any  of  the  meteors,  or  of  their  trains ;  not  even  the  sodium 
line  found  by  Mr.  Herschel  in  some  of  the  August  meteors. 

The  rapid  cessation  of  the  shower,  and  the  desirability  of  filling  up  a  chart 
of  meteor-tracks  for  determining  the  radiant-point  during  the  brief  time  that 
it  lasted  in  what  was  at  first  considered  to  be  the  earliest  part  of  its  display, 
was  the  reason  why  no  extensive  observations  with  the  meteor-spectroscope 
were  made  at  Glasgow  by  Mr.  Herschel  and  Mr.  A.  Macgregor.  The  fol- 
lowing observations  were  recorded  (Intellectual  Observer,  vol.  x.  p.  461) : — 

**  At  12**  41"  a  dazzling  object,  two  or  three  times  as  bright  as  Venus, 
passed  in  a  second  from  midway  between  the  '  pointers '  to  the  nose  of  the 
Lesser  Bear,  leaving  a  bright  streak,  divided,  like  the  last,  into  two  parts ; 
but  the  first  part  in  this  case  remained  visible  the  longest.  The  end-hslf 
afforded  a  decided  spectrum,  appearing  as  a  single  bright  band  in  the 
spectroscope  no  broader  than  if  looked  at  through  an  ordinary  piece  of 
^ass 

"  The  number  of  streaks  now  visible  in  the  sky  gave  another  opportunity 
for  using  the  spectroscope. 

«  1866,  Nov.  14th,  12**  54"  a.m.— Equal  to  Sinus;  from  3Canis  Minoris 
to  fj  Eridani.  Left  a  streak  for  five  seconds.  The  streak  appeared  as  an 
extremely  fine  line  in  the  spectroscope  *. 

"  A  more  powerful  spectroscope  was  now  employed,  consisting  of  the  cen- 
tral portion  only  of  a  Herschel-Browning  spectroscope,  containing  two 
prisms,  and  producing  therefore  twice  the  dispersion  of  a  single  prism.  My 
assistant,  Mr.  Macgregor,  looking  at  the  streaks  with  the  unassisted  eye, 
whilst  I  watched  the  same  streaks  in  the  spectroscope,  we  each  called  out 
*  gone '  when  the  streaks  appeared  to  us  to  vanish. 

*  Not  the  least  doubt  could  be  entertained  that  the  light  of  the  streakB  in  this,  and  the 
aocompanying  instances,  was  homogeneous ;  or,  at  least,  quite  different  in  appearance  in 
the  pnsms  from  the  light  of  a  fixed  star. — A.  S.  H. 
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.  "  12**  66"  A.M. — Equal  to  a  first-magnitude  star.  Left  a  greenish-blue 
streak  from  three  to  four  seconds.  We  diflfered  in  our  vanishing  moments 
two-tenths  of  a  scond. 

"  12^  67"  A.M. — ^Equal  to  a  first-magnitude  star.  Left  a  greenish-blue 
streak  for  from  three  to  four  seconds.  We  differed  in  our  vanislung  moments 
one-tenth  of  a  second. 

u  ih  Qm  ^^ — Equal  to  Sirius.  Left  a  greenish-blue  streak  for  four 
seconds.     We  spoke  together. 

''  The  result  shows  that  some  of  the  streaks  were  composed  of  monochro- 
matic light,  altogether  undimmed  by  its  passage  through  the  prisms." 

Mr.  Browning  observed  the  spectra  of  several  meteors  in  the  meteor- 
spectroscope,  from  the  observatory  of  Mr.  Barnes  at  Upper  Holloway,  Lon- 
don, between  9**  30"  p.m.,  and  4**  a.m.  on  the  morning  of  the  14th  of  No- 
vember 1866. 

The  spectra  which  he  obtained  were  of  four  kinds : — 

"  1.  Continuous  spectra  of  the  nuclei^  in  which  the  whole  of  the  colours 
of  the  solar  spectrum  were  visible,  except  violet.  In  even  the  most  uniform 
of  these,  I  am  inclined  to  think  that  the  yellow  was  strongly  predominant*. 

"  2.  Those  which  gave  a  bright  orange-yellow  line  of  light,  or  only  a  taint 
continuous  spectrum  in  addition  to  this  yellow  line  f. 

*'  3.  Spectra  consisting,  apparently,  of  only  a  single  line  of  green  light, 
of  nearly  the  same  colour  as  that  shown  by  thallium. 

"  Of  this  kind  I  only  obtained  the  spectra  of  two  meteors.  In  one  of  these 
I  thought  that  I  detected,  in  addition,  a  very  faint  continuous  spectrum, 
nearly  obscured  by  the  brilliancy  of  the  green  line. 

"  4.  The  spectra  of  the  trains, 

''  The  light  from  green  trains  appeared  continuous  in  the  prisms. 

"  Those  which  were  of  a  blue  colour  appeared  as  a  [(?)faint]  line  of  laven- 
der colour,  with  a  still  fainter  trace  of  a  continuous  spectrum.  In  some 
few  instances  [«.  e.(?)  of  the  lavender  line]  no  contuiuous  spectrum  could 
be  detected." 

Mr.  Greg  obtained  the  following  observations  with  the  meteor-spectroscope 
at  Manchester. 

"  The  spectra  of  the  nuclei  of  the  three  large  ones  which  I  observed,  much 
resembled  in  size  and  gorgeous  effect  that  of  the  crescent  moon,  which  I 
looked  at  in  the  meteor-spectroscope  on  the  following  evening.  As  I  did  not 
see  the  meteors  with  direct  vision,  I  cannot  say  how  large  they  appeared 
naturally. 

"  Their  spectra  all  consisted  of  crimson,  green,  and  blue.  The  spectra  of 
two  of  them  were  a  little  less  well  marked  at  the  outer  edges,  and  between 
the  colours,  than  the  spectrum  of  the  third,  in  which  the  demarcation  between 
the  red,  green,  and  blue,  as  well  as  the  definition  at  the  outer  edges  of  the 
spectrum,  was  perfect.  In  one  of  them  there  seemed  to  be  pretty  numerous 
darker  lines  across  the  spectrum  in  a  vertical  direction ;  and  at  the  instant  of 
disappearance  I  saw,  or  thought  that  I  saw,  an  orange  line,  or  band  between 

*  When  a  star  of  small  magnitude  is  looked  at  through  the  meteor-spectrosoope,  its 
light  is  either  completely  washed  out,  and  .invisible,  or  a  line  of  faint  and  apparently 
colourless  light  marks  its  place.  The  length  of  this  line  of  light,  up  to  the  cases  of  those 
stars  in  which  it  can  no  longer  be  discerned,  continues  to  be  fS)oat  naif  a  degree.  There 
exists  no  tendency  in  the  yellow  rays  of  the  stellar  spectra  to  remain  otttstanding^  when 
fixed  stars  of  very  feeble  light  are  examined  in  the  meteor-spectroscope. — ^A.  S.  H. 

t  Similar  speoti^a  of  the  nwlei  of  meteors  to  these  are  described  in  the  last  Beport 
for  1866,  p.  \U, 
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the  green  and  red,  suddenly  appear  and  disappear.    It  was  not  straight  across 
the  spectrum,  but  deflected,  or  jagged,  thus  I  ^J 

«  Tte  spectrum  of  the  trains  was  extremely  feeble.  I  could  hardly  say 
that  there  was  any  colour." 

Characteristic  Appearances, 

At  Greenwich,  on  one  or  two  occasions  during  the  display,  meteors  were 
olserved  to  have  a  double  out-burst,  the  principal  meteors  passing  on  at  the 
head  of  the  stream  of  light,  the  secondary  nucleus  remaining  in  the  luminous 
track.  The  accompanying  is  a  sketch  of  one  of  these  remarkable  objects, 
sapplied  by  Mr.  Dunkin,  of  the  Royal  Observatory,  in  a  drawing  illustrating 
the  general  appearance  of  the  shower.     (Leisure  Hour,  Jan.  6th,  1867.) 


A  triple  meteor,  each  part  being  as  bright  as  Venus,  is  described  by  Mr. 
G.  Forl)^  as  having  been  seen  by  him  at  St.  Andrews  (Philosophical  Maga- 
zine 8.  4.  vol.  xxxiii.  p.  83)  at  12**  41™  a.ic.,  which  left  a  streak  visible 
for  ei^t  minutes.  At  Glasgow  attention  was  drawn  to  the  meteor  by  the 
bright  lifeht  in  the  first  half  of  its  course.  At  this  part  a  streak  remained 
visible  for  nine  minutes,  and  collected  itself  into  an  oval  fonn,  while  the 
portion  of  the  streak  in  the  last  half  of  the  meteor's  course,  in  which  a  good 
view  of  the  meteor  was  obtained  at  Glasgow,  remained  straight,  and  faded 
away  in  about  30  seconds.  The  appearance  of  the  meteor  in  the  latter  por- 
tion of  its  path,  at  Glasgow,  was  that  of  a  single  pear-shaped  nucleus  about 
as  bright  as  Venus,  drawing  a  bright  train  of  light,  like  that  left  by  other 
Wght  meteors  of  the  shower.  j  ,     ^r  t  x 

A  remarkable  double  meteor,  equally  curious,  was  observed  by  M.  J.  J. 
Silbemiann  of  the  College  de  France,  at  Paris,  during  the  progress  of  the 
shower*  This  meteor  passed  slowly  from  Leo  to  the  square  of  Ursa  Major, 
and  onwards  towards  the  west  horizon,  leaving  no  train.  It  consisted  of  two 
brilliant  round  white  nuclei,  each  about  as  bright  as  Jupiter,  and  15'  apart, 
which  oscillated  to  and  fro,  and  before  and  behind  each  other,  exactly  as  if 
perfonning  perfect  revolutions  in  a  circle  round  each  other,  in  a  plane  per- 
pendicular to  the  visual  Ime,— one  revolution  in  every  second  of  time.  The 
whole  duration  was  8  or  10  seconds,  and  both  meteors  disappeared  together. 

(Le  Moniteur,  Nov.  20th,  1867.)  .  ..  x.  .  ^. 

At  HawJchurst.—'*  At  12»»  6"  a.m.,  two  p^ar-shaped  meteors,  both  brighter 
than  Venus,  changing  from  yellow  into  orange,  pursued  one  another  in 
ahnost  identically  the  same  course,  at  an  apparent  distance  of  about  three 
moon's  diameters  between  them,  both  expanding  together,  and  both  leaving 

«  Another  red  meteor,  about  the  same  time,  which  grew  to  be  as  bright 
and  round  as  Sirius,  was  distinctiy  observed  by  aU  to  make  two  darts  or  shots 

"At  12»*  39"»  30*  A.M.,  two  fine  meteors,  with  well-defined  disks  and  elon- 
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gated  behind,  moved  aa  if  tti  a  hash  between  the  two  last  atais  of  Una's 
tail." 

At  Beeston.^—'Kr.  Lowe  noticed  that  ''in  nmnbers  of  inatanoes,  when 

meteors  crossed  the  same  portion  of  the  heavens^  the  paths  of  each  were  of 

^e  same  length."    This  may  perhaps  serve  to  explain  the  conndng  of 

meteors  side  by  side,  which  was  frequently  observed,  for  the  same  length  and 

with  the  same  velocity. 

At  Birmingham, — From  Mr.  Wood's  observations : — *'  Binary  meteors : 
Qh  2i»  j^,]|,  Xwo  meteors  of  green  oolonr,  each  brighter  than  &Bt-magm- 
tude  stars,  shot  together  from  the  direction  of  the  radiant-point,  appearing 
at  B.  A.  147°  (9"  48»),  N.  Decl.  24°,  and  disappearing,  after  leaving  yellow 

Fig.  1. 


streaks  which  remained  for  2 J  seconds,  at  EJ^.  143°  (9'*  32'"),  N.  Decl.  6°. 
The  distance  between  them  at  their  first  appearance  is  represented  in  the 
figure  at  a,  about  half  a  degree ;  and  their  distance  widened  a 
little  towards  their  disappearance^  which  took  place  as  shown  in 
the  figure  at  b, 

«0h  27"  A.M.  Two  white  meteors,  each  as  bright  as  first- 
magnitude  stars,  shot  together  from  the  direction  of  ^  Leonis ; 
appearing  at  E.  A.  150°  (lO''),  N.  Decl.  38°,  and  disappearing 
at  a  Urs8B  Majuris,  each  leaving  a  greenish  streak.  The  meteors 
appeared  together,  with  a  distance  of  about  fP  between  them,  as 
at  a,  and  moved  with  almost  perfectly  parallel  paths  side  by  side, 
with,  however,  a  considerable  widening,  until  they  had,  at  dis- 
appearance, the  relative  positions  at  h  (f^,  2). 

"  Curved  paths :  extinctions  and  rekindling  of  the  meteors, 
although  not  registered,  were  observed,  A  meteor,  which  was 
observed  to  pass  through  Ursa  Major,  made  its  appearance  as  at 

Fig.  8. 


«  (%•  3)>  described  a  phosphorescent  curve  a,  6,  and  disappeared  at  6, 
then  reappeared  at  e,  described  another  short  cutve  e.  d,  and  finally  diaan- 
peared  at  rf."  ^        ^ 

IntermitterU  LigU.—'Mi.  C.  Orover,  at  Ghesham,  Bucks,  gives  the  follow- 
ing mstances  of  laii|;e  meteors,  which  disappeared  for  an  instant,  and  after- 
wards reappeared  in  continuation  of  their  former  course.  The  two  first  are 
also  noted  (by  coloured  drawings  in  the  original  report)  aa  examples  of  the 
most  brilliant  coloration  observed  in  the  shower,  during  the  morning  of  the 
I4th  of  November.  . 

OA?^'  \^  wa«  a  remarkably  luminous  meteor,  which  appeared  at  about  12*' 
30"»,  and  exhibited  a  partial  extinction  of  light  upon  its  course 

No.  2  (recorded  in  the  Catalogue),  at  V^  10"  a.m.,  also  showed  a  single 
mtermittence  of  Its  hght.  It  was  the  largest  and  brightest  of  all  the  meteors 
recorded  at  Chesham. 
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Xo.  3  also  presented  a  distmot  intenraption  of  its  light.    It  was  especioUjr 
biiUiant,  shedding  quite  a  glare  of  li^t  on  suirounding  objects. 


y^. 


(P*- 


* 


Leonis 


No.2. 


i 


^p 


No.3. 


0. 


non 


**' 


General  Appearances  of  the  Shower. 

Hr.  Wood  thus  describee  the  general  characteriBtioe  of  the  meteors : — 

**  Unlike  thoee  of  any  other  diiiplajy  they  never  buret  or  threw  off  sparke, 
but  either  burnt  gradually  away,  or  wasted  away  in  forming  the  streak. 
This  meteoric  shower  is  farther  distinguished  by  striking  uniformity  in 
colour,  size,  and  greater  duration,  both  of  the  meteor  and  of  the  streak,  than 
in  other  showers.  The  colour  may  be  said  to  be  pale  green,  the  proportion 
between  this  and  the  red  being  about  4  to  1.  The  average  size  was  nearly 
that  of  Mars,  then  shining,  which  many  of  the  meteors  resembled.  A  small 
proportion  only  were  equal  to  Jupiter ;  and  I  saw  only  one  that  somewhat 
exceeded  Yenus  at  its  greatest  bnlliancy.  Another  peculiar  feature  of  the 
meteors  was  great  accuracy  of  radiation. 

"  Phenomena  at  the  radiant-point. — ^Figure 
4  represents  one  of  the  blue  nebulous  patches 
deprived  of  the  true  meteoric  lustre,  which  ap- 
peared from  time  to  time  dose  to  the  radiant- 
point.  In  8  or  4  seconds  they  would  rapidly 
fade  and  expand  to  double  their  former  diame- 
ter (as  fig.  6).  One  such  object  appeared  at  12*»  46"  a.m.  It  resembled  a 
varying  star,  increasing  from  the  first  magnitude  to  the  brilliancy  of  Yenus 
in  about  4  seconds,  exactly  at  the  radiant-point,  in  E.  A.  148°,  N.  Decl.  25°. 

"  Meteor-streaks  within  a  circle  of  4°  radius  round  this  point  were  never 
preceded  nor  followed  by  any  nucleus  or  true  meteor,  but  were  suddenly  formed 
without  any  apparent  cause,  and  appeared  more  compact  and  brighter  than 

2e2 
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Fig.  6. 


those  observed  elsewhere,  but  always  rippled 
and  waved,  and  varying  from  one  to  t^'o 
lunar  diameters  in  length. 

"  In  fig.  6,  a,  h,  c  represent  three  successive 
stages  of  change  of  such  a  streak,  from  its 
first  appearance,  a,  when  it  shortly  began  to 
separate  and  expand  as  at  h,  and  finally  to  curl 
up  as  at  c,  and  dissolve  like  a  trail  of  smoke. 

"  These  small  trains  frequently  branched  out  from  the  radiant-point  like 
the  spokes  of  a  wheel,  three  or  four  at  a  time.  A  group  of  four  radial 
streaks,  2°  or  3°  in  length,  was  thus  suddenly  formed  round  the  radiant  at 
12^  36™  15'  A.M.,  indicating  its  place  very  exactly,  as  already  given. 

Fig.  7. 


"At  2^  16",  a  green  meteor,  brighter  than  Venus,  moved  from  the 
radiant-point  to  R.  A.  135°  (9^),  N.  Decl.  20°,  leaving  a  broad  green  streak 
4'  or  5'  in  width  upon  its  course  (^g.  7,  a).  This  meteor  was  the  brightest, 
and  its  streak  was  the  broadest  and  the  most  enduring  seen.  The  latter 
remained  as  a  bright  green  rippled  and  waved  bar  of  light  for  six  seconds 
before  either  fading,  curling  up,  or  dissolving  away.  It  then  gradually,  in 
the  space  of  about  two  minutes,  assumed  the  form  of  fig.  7,  6. 

"  Between  one  and  two  minutes  after  its  first  appearance,  I  perceived  the 
spot  c  (fig.  7),  resembling  in  size  and  appearance  the  Prcesq^  Cancriy  a  very 
little  in  advance  of  the  spot  where  the  meteor  disappeared.  Whether  it 
was  formed  there  by  drifting  from  h,  or  if  it  was  independently  formed  by 
the  meteor,  I  cannot  say,  but  I  incline  to  the  latter  opinion." 

The  streaks,  when  first  deposited,  were  remarkably  straight,  and  fine, 
bright,  lance-like  lines.  They  then,  as  described  by  Mr.  T.  Morris  at  Man- 
chester, **  in  many  instances  appeared  to  swell  in  the  centre  of  their  length 
— the  point  of  greatest  ignition  probably — and  taper  towards  the  extremity, 
forming  an  approach  to  a  double  cone." 

In  a  letter  to  a  Member  of  the  Committee,  describing  some  of  the  pheno- 
mena of  the  shower  as  it  appeared  at  Hawkhurst,  Sir  John  Herschel  re- 
marks : — "  In  a  (jreat  many  instances  (indeed  most  commonly)  the  Tiead 
SHOT  AHEAD  of  the  train,  as  a  star  or  planet  of  a  very  high  red  colour.  All  the 
trains  were  sparkling  like  star-dust,  but  in  two  or  three  cases  there  was  a 
remainder  of  cometic  phosphorescent  hght,  very  persistent.  In  one  which 
exploded  with  a  flash  close  to  a,  /3,  y  Arietis  [see  Catalogue,  1**  12"  30" 
A.M.],  this  cometic  appearance  lasted  by  the  watch  six  minutes." 


In  illustration  of  this  peculiarity  the  following  was  observed  at  Hawk- 
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hxasL  "  About  11^  30™,  a  dull  yellow  meteor,  which  grew  to  a  round  disk, 
moved  on  a  curved  course  (see  fig.),  nearly  horizontally  from  Ursa  Minor 
to  a  point  due  west,  leaving  a  slight  irain;  The  nucleus  lasted  three  seconds, 
and  continued  after  the  train  had  faded  awayj^ 

Mr.  Gr^  observed,  at  Manchester : — <<  Nearly  all  the  meteors  showed  either 
as  simply  phosphorescent  or  lance-like  lines,  or  began  as  such.  But  in  the 
case  of  l^e  li^er  ones,  with  disks  of  2'  or  upwards,  the  nuclei  seemed 
finally  to  emerge  from,  or  to  shake  ofiT,  or  lose  the  phosphorescence,  for  the 
space  of  a  few  degrees  and  then  vanish." 

Mr.  C.  Grover,  in  his  observations  of  the  November  meteoric  shower  at 
Cheaham,  Bucks,  reports  that,  '^  in  nearly  every  instance,  the  head  ceased  to 
emit  a  train  before  it  vanished,  consequently  the  head  was  clearly  j^arted  from 
the  train  jvst  before  vanishing.*' 

The  same  was  noticed  by  M.  Goulier  in  the  '  Comptes  Bendus'  for  De- 
eember  1866,  whose  observation  of  the  position  of  the  radiant-point  at 
Metz  (in  the  Moselle)  is  cited  above.  "A  remarkable  peculiarity  of  the 
meteors  was,  that  the  streaks  were  shorter  than  the  entire  length  of  their 
orarse,  the  nucleus  shooting  ahead  of  the  train  for  some  space  without  emit- 
ting the  phosphorescent  light  of  the  streak." 

Contortions  of  tJie  Trains, — ^The  large  meteor  recorded  by  Mr.  H.  S.  Heinec- 
ken  at  Sidmouth,  at  1^  8"  9"  (see  Catalogue),  left  a  train  which  waa  very 
conspicuous  for  six  minutes,  and  remained  visible  for  at  least  ten  minutes. 

At  first  the  train  was  straight,  but  when  the  terminations  faded,  the 
central  portion  became  curved,  and  folded  back  in  a  serpent-like  form  upon 
itself.     The  figure  is  a  sketch  of  its  appearance,  from  a  tinted  drawing  by 


3J[r.  Hutchinson.  It  afterwards  became  brilliantly  nebulous,  more  circular 
and  compact,  and  retrograded  slowly  along  the  course  of  the  meteor  towards 
the  east. 

In  the  *  Monthly  Notices'  of  the  RoyalAstronomical Society  (vol.  xxvii.p.  63), 
Mr.  G.  Yenables  draws  attention  to  the  fact  that,  in  some  instances  of  trains 
which  continued  for  a  length  of  time,  the  deflection  which  occurred  was 
"not  curved  but  rigid,  like  a  stiff  stick  broken  in  the  middle." 

Telescopic  Observations  of  the  Meteors, 
At  Wisheach,  Cambridgeshire. — Mr.  S.  H.  Miller  reports : — "  After  the  dis- 
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appearance  of  the  head,  the  trains  contracted  and  curled  up,  and  I  was  able 
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to  use  the  telescope  with  a  power  of  45.    The  trains  then  looked  much  like 
some  NebulflB,  and  I  saw  these  forms  (see  figures).*' 

At  Bathwick  Hill,  Bath,  Mr.  W.  Dobson  reports : — "  I  observed  the  trains 
of  several  with  an  achromatic  telescope  (Cooke's  4-inch  aperture,  power  40). 
They  mostly  disappeared  rapidly,  except  one  large  one,  about  1*  50^  a.m., 
low  in  the  west,  the  train  of  which  remained  visible  in  the  telescope  for  nine 
minutes.  It  appeared  like  a  long  wisp  of  luminous  vapour  or  smoke,  bend- 
ing and  changing  its  form,  growing  broader  and  fainter,  and  drifting  slowly- 
down  the  wind.  While  observing  it  another  smaller  one  crossed  the  field  of 
the  telescope,  but  its  train  disappeared  in  a  few  seconds." 

Mr.  T.  Crumplen  made  many  telescopic  observations,  leading  in  some  cajses 
to  good  results,  both  of  the  nuclei  and  of  the  trains  of  the  meteors,  from 
Primrose  Hill. 

'« The  instrument  used  was  by  DoUond,  of  l|-inch  clear  aperture,  about  22 
inches  focal  length,  and  power  of  30.  I  took  care  to  focus  it  on  a  fixed  star, 
so  that  no  doubt  could  arise  as  to  the  value  of  the  observations  made,  and 
these,  so  far  as  practicable,  were  confirmed  by  my  assistant,  who  is  also 
accustomed  to  use  the  telescope  for  celestial  objects. 

"  I  saw  many  meteor-trains  by  this  means,  but  in  most  cases  they  faded 
too  rapidly  for  good  observations.  Eight,  however,  were  examined  with 
great  success. 

"  One  of  these,  at  1^  7",  was  visible  10  full  minutes.  When  first  seen, 
immediately  after  the  meteor  disappeared,  it  looked  like  a  long  piece  of 
riband  in  constant  motion,  and  waved  throughout  its  entire  length.  This 
band  was  then  nearly  5'  in  width,  and  appeared  streaky  or  mottled,  as  if 
made  up  of  an  immense  number  of  interlaced  filaments. 

*^  It  changed  shape  during  the  time  that  I  observed  it,  gradually  becoming 
more  nebulous,  and  at  last  it  was  almost  a  circular  patch,  somewhat  elon- 
gated towards  the  west.  When  in  this  state  it  passed  over  a  tolerably 
bright  telescopic  star.  I  could  see  the  star  approaching,  and  I  noticed  a 
decided  difference  in  the  brilliancy  and  appearance  of  this  star  when  im- 
mersed in  the  meteor-train.  It  was  undoubtedly  refracted*.  This  meteor 
disappeared  some  5^  below  a  Tauri»  and  the  train  drifted  as  much  more 
towards  the  west-north-west  horizon  before  it  finally  disappeared. 

*'  Besides  this  train,  I  had  telescopic  views  of  seven  others,  which  under- 
went similar  contortions.  In  several  oases  the  trains  bent  upwards,  becom- 
ing shaped  like  the  crescent  moonf,  the  horns  always  directed  to  the  zenith. 
The  fUaments  in  the  telescope  almost  always  reminded  me  of  the  particles  of 
fibre  which  fly  from  the  sudden  lash  of  a  whip. 

"  It  was  extremely  difficult  to  get  a  view  of  a  nucleus.  In  two  instances 
I  caught  them  passing  the  field,  but  in  fiight  too  transient  to  permit  me  to 
speak  of  their  appearance  in  positive  terms.  They  resembled  a  solid  body 
imbedded  in  a  nebulous  haze ;  but  although  I  have  their  appearance  well  in 
my  mind,  I  forbear  to  say  anything  open  to  question." 

*  As  the  effect  of  refiraction  would  make  the  star  hang  upon  the  edge  of  the  doudt  as 
is  tometimes  believed  to  be  the  case  from  a  similar  cause  in  the  occultation  of  stars  by 
the  moon,  such  an  effect  may  hare  been,  hitherto,  overlooked  That  the  star's  appeanmoe 
was  affected  by  partial  absorption,  or  obscuration  of  its  light,  is  an  alteration  more  easy, 
in  general,  to  be  explained  by  a  base,  or  misty  vapour  suspended  in  the  cloud. 

t  This  appearance  was  sometimeB  observed  with  the  naked  eye.  An  observer  at 
Mentone,  Mr.  Moggridge,  in  a  letter  to  a  Member  of  the  C!ommittee,  states  that  they 
heralded  great  outbreaks  of  the  meteoric  shower  inunediately  following  their  appearance, 
and  tsniu  them  **  lunettes,'* 
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At    Wimbledon^  Mr.  P.  G.  Penrose  reports:— "At  about  2^  aO""  a.h. 
we  took  our  stand  at  the  telescopey 
without,  howeyer,  making  any  particu- 
lar obaexrations  until  3^  6"^  a.x.,  when 
a  bri^t  short  streak  was  observed,  in 
B.  A.  IS''  12»  N.  DecL  37°.    It  was  of 
blmshnsilyeiy  colour,  and  resembled  a 
riband,  as  shown  in  the  figure;    but 
there  were  probably  many  more  'kinks' 
in  it  than  here  ^own.    It  remained 
visible  in  the  telescope  several  minutes, 
and  finally  before  vamshing,  separated 
into  two  parts." 

In  illustration  of  the  many  '*  kinks" 
observed  with  the  telescope  in  the 
steeak  of  this  meteor,  Mr.  Penrose  gives 
the  annexed  representation  of  the  ten- 
dril of  a  climbing  plant,  twined  towards  the  right,  or  towards  the  left,  round 
a  slender  stem.  Eddies  and  currents  of  air  along  the  course  of  the  meteor's 
flight,  of  the  nature  of  smoke-rings, 
propagated  obliquely  towards  the  right 
or  left,  might  very  possibly  conduce  to 
the  tvristed  and  knotted  appearance  of 
&e  streak,  most  commonly  observed 
with  the  telescope. 

'*  About  this  time  H.  observed  a  small 
meteor  in  the  telescope  passing  over  the 
field  of  view,  between  6  and  i  (the 
sword  stan)  of  Orion;  and  F.  soon 
after  saw  one  pass  the  field  of  view  near 
thePmesepe  of  Cancer.  Neither  of  them 
showed  any  remarkable  feature,  and 
tiiey  left  no  train.  P.  saw  that  which 
passed  the  Sword  of  Orion  with  the 
naked  eye.  It  was  one  of  the  average 
smaller  meteors.  It  appeared  in  the 
telesoope  exactly  like  a  stor  of  the  sixth  magnitude. 

"  At  3^  25**  SO*,  we  saw  in  the  telescope,  at  a  point  about  R.  A.  15**  20", 
N.  Ded.  55°,  the  streak  of  a  meteor,  narrower  and  brighter  than  that  before 
described,  but  otherwise  similar  in  structure  to  it,  ftdl  of  kinks  and  bends, 
but  this  being  of  greater  length  than  the  former,  there  were  more  of  them." 
Oeneral  accounts  of  observations  of  the  shower  were  also  received  from  Mr. 
W.  T.  Bedford,  Sidmouth ;  Mr.  H.  Player,  Totnes,  Devonshire ;  Mr.  E.  H.  Rodd, 
Penzance ;  Mr.  Clarke  Richardson,  Swansea ;  and  Mr.  6.  Hiff,  at  Sunderland. 
QeographicoH  Limits  of  the  Shower. — The  brightest  portion  of  the  meteoric 
shower,  on  the  night  of  the  13th-14th  of  November  1866,  was  visible  as  far 
eastward  as  Eiahnaghur  (lat.  23°  24'  N.,  long.  83°  3T  E.),  about  sixty  miles 
due  north  of  Calcutta,  and  as  fkr  westwards  as  a  point  in  the  Atlantic 
Ocean,  near  the  Azores,  in  lat.  39°  56'  N.,  long.  32°  20'  W.,  or  over  a  zone 
of  at  least  115^  57'  of  longitude. 

It  was  observed  at  Aberdeen,  in  Scotland  (lat.  57^  9'  51"  N.),  and  at  the 
Cane  of  Good  Hope  Observatory  (lat.  33°  56'  3"  S.),  or  over  an  extent  of  91° 
in  latitude, 
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The  boundaries  of  this  area  nearly  coincide  with  that  of  the  star-Bhowcr 
seen  on  the  13th  of  November  1832,  which  was  succeeded  in  the  following 
year  by  the  well-known  great  November  shower  in  America,  observed  l>jr 
Twining  and  Olmsted,  on  the  morning  of  the  13th  of  November  1833,  by  a 
recurrence  of  which  in  the  present  year  (1867),  the  shower  now  described 
would  thus  be  followed  by  a  fitting  sequel. 

(4.)  The  December  meteoric  shower,  in  1866. 

At  Ktshnaghur,  Lower  Bengal,  India. — Extract  of  a  letter  from  Mr.  W. 
Masters  to  Sir  J.  F.  W.  Herschel,  Bart. — "  Since  the  morning  of  the  14tli 
of  November,  diverging  meteors  were  not  seen  or  detected  on  any  of  the 
periodic  dates,  except  the  12th  of  December.  I  observed  them  at  2**  30™ 
A.M.  of  this  date.  They  might  have  come  on  at  an  earlier  hour,  and  they 
appeared  to  have  passed  off  by  3**  A.m.  They  shot  divergingly,  and  with 
great  rapidity,  from  a  point  about  29°  or  30°  of  North  Declination,  and  136° 
of  Eight  Ascension.  They  darted  out  ati;he  rate  of  about  three  per  minute, 
were  small,  described  short  and  thin  arcs  of  light,  and  left  no  traces.  Some 
showed  themselves  only  as  moderate  flashes  of  light,  about  40°  or  50°  from 
this  point,  without  any  visible  arc  of  light  or  course. 

"  A  bright  meteor  with  a  long  train  shot  across  the  area  of  divergence 
from  nearly  due  south  to  north,  or  from  Alphard  (a)  in  Hydra,  to  0  in  Ursa 
Major. — Kjshnaghur  College,  20th  December,  1866." 

At  Birmingham,  Mr.  Wood  kept  a  strict  watch  for  meteors  on  the  nights 
of  the  12th  and  13th  of  December.     **  On  the  night  of  the  11th,  the  sky  at 
Birmingham  was  overcast  all  night.     Towards  11*^  p.m.,  on  the  night  of  the 
12th,   meteors  were  very  frequent,  about  one  per  minute  in  one  half  of 
the  sky,  the  other  half  of  the  sky  being  overcast.     The  sky  then  became 
completely  overcast,  and  remained  so  until  shortly  after  midnight,  when  it 
became  partly  dear,  and  the  frequency  of  the  meteors  was  found  to  have 
greatly  decreased.      From  12*"  53°"  a.m.  until  1^  16"  a.m.,  with  two-thirds 
to  a  quarter  of  the  sky  quite  clear,  none  were  seen.     The  maximum  of  the 
shower  probably  occurred  between  eleven  and  twelve  o'clock,  beginning  at 
10*"  30™  P.M.  on  the  12th,  and  ending  at  1**  a.m.  on  the  13th.     The  radiant- 
point  was  between  Q  and  a  Geminorum.     The  meteors  were  blue  and  white, 
of  momentary  duration,  and  the  majority  of  them  without  trains.     On  the 
night  of  the  13th  the  sky  was  clear,  but  no  meteors  were  seen  in  twenty 
minutes  from  9**  30™  p.m.  to  9'*  50"  p.m.  A  display  of  aurora  borealis  appeared 
in  the  N.N.W.,  with  streamers  radiating  from  a  point  below  the  horizon, 
moving  from  west  to  east,  and  120°  or  more  in  length." 

At  Milhrook,  Tuam,  in  Ireland,  the  sky  began  to  clear  on  the  night  of 
the  12th,  at  9  o'clock.  From  that  time  until  1"*  25™  a.m.  on  the  13th,  Mr. 
Birmingham  counted  260  meteors,  of  which  number  20  only  were  uncon- 
formable. Although  nine  meteors,  between  9*^  15™  p.m.  and  9^  30™  p.m., 
were  shown  by  alignments  to  radiate  from  within  a  circle  about  3°  in  dia- 
meter, with  its  centre  in  R.  A.  107°,  N.  Decl.  19°,  yet  a  meteor,  nearly 
stationary  at  the  intersection  of  lines  joining  /3  and  e,  ^  and  0  Geminorum, 
appeared  to  indicate  a  somewhat  higher  radiant.  In  comparison  with  the 
November  shower,  the  aspect  of  the  meteors  might  be  described  as  cincUryj 
with,  however,  a  few  notable  exceptions.  They  were  mostly  of  a  bluish-white 
colour,  many  trainless,  but  in  general  leaving  a  faint  train  of  the  same  colonr 
as  the  nucleus.  One  meteor,  that  was  brighter  than  Sirius,  showed  a  seipen- 
tine  course.  There  was  no  well-marked  time  of  maximum,  but  there  seemed 
to  be  alternate  periods  of  repose  and  activity.     At  3**  8*  an  immense  fire- 
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baU  flashed  through  a  misty  break  of  the  clouds  in  Leo,  leaving  all  again  in 
darkness  "  t. 

(5.)  The  January  meteoric  shower,  in  1867. 

Heavy  snow,  and  the  overcast  state  of  the  sky  in  England  on  the  night  of 
the  1st  and  morning  of  the  2nd  of  January  1867,  prevented  observations  of 
luniinous  meteors.  On  the  evening  of  the  2nd  of  January,  about  9**  30"  p.m., 
when  the  sky  was  comparatively  clear, Mr.  Crumplen  watched  for  meteors  for 
a  few  minutes,  in  London,  and  saw  none. 

(6.)  The  April  meteoric  shower,  in  1867. 

On  the  nights  of  the  19th  and  20th  of  April  1867,  the  sky  was  overcast, 
with  constant  rain,  at  Glasgow.  No  reports  of  the  reappearance  of  the  April 
meteoric  shower,  in  1867  have  been  received  from  other  places. 

(7.)  Hie  August  meteors,  in  1867. 

Iki  Birmingham,  Mr.  "Wood  reports  a  very  fine  sky  on  the  nights  of  the  9th, 
11th,  and  12th,  On  the  night  of  the  10th  the  sky  was  clear  over  head  until 
1*  30"  A.M.  on  the  morning  of  the  11th. 

From  9^  p.m.  to  11*^  32"  p.m.  on  the  9th,  only  two  meteors  were  observed 
in  one  hour  and  a  ]ialf.  Their  number  then  increased,  and  the  paths  of  18 
meteors  were  recorded  in  two  hours.  There  was  an  equal  scarcity  of  meteors 
on  the  night  of  the  10th ;  when,  in  one  hour,  from  9*^  p.m.  to  10**  p.m.  no 
meteors  were  observed.  The  interval  of  half  an  hour,  from  12^  16"  to  12^  45" 
A.M.  on  the  morning  of  the  11th,  also  presented  a  total  absence  of  meteors. 
Five  meteors  were  then  observed  in  15  minutes,  and  the  sky  afterwards  be- 
came overcast  On  the  nights  of  the  11th  and  12th  the  rate  of  apparition  was 
respectively  3  and  2  meteors  per  hour.  On  the  morning  of  the  11th  it  was 
as  high  as  7,  and  on  the  morning  of  the  10th  as  high  as  14  per  hour. 

Bate  and  ^ 

hoar  of  I  8th     9th  (IP  30"       10th     10th  (IP  p.m.     11th    11th     12th 

obser-     [p.m.     p.m.  to  midn.).      a.m.  to  midn.)       a.m.      p.m.      p.m. 

vation  •  ^ 
Average 

number 

of  me-      I    6  10  14 

teors  per 

hour    . . 

Moon  nearly  full.     One  obser\'er. 

The  frequency,  under  similar  cicumstances,  is  little  more  than  half  as  great 
as  that  observed  by  Mr.  Wood  in  the  previous  August  epoch  of  1866. 

A  wide  radiant  area,  extending  from  y  Persei  to  C,  c,  and  I  Camelopardi,  as 
distinct  radiants,  is  assigned  by  Mr.  Wood  to  the  recorded  paths ;  with  a 
tendency  to  radiate  chiefly  from  a  principal  radiant-point  at  c  Cassiopeifle. 

The  relative  proportions  of  meteors  of  dififcrent  magnitudes  and  colours 
were  about  as  follows : — 

Above 
Ist  mag*. 
\ 

5 
At  Manchester, — ^Mr.  Greg  reports  that  the  meteors  appeared  rather  to 

t  Monthly  Notices  of  the  Boyal  Astronomical  Society,  vol.  xxvii.  p.  205. 
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emanate  from  a  linear  radiant  region,  extending  from  a  Persei  to  y  Oassio- 
peias,  than  from  a  single  point  (which  is  usually  attributed  to  the  shoirer) 
near  the  sword-handle  of  Perseus. 

In  America. — The  Committee  is  indebted  to  Mr.  Marsh  for  the  follo^ving^ 
communication  of  a  register  of  shooting-stars  observed  at  Germantown,  near 
Philadelphia,  U.  S.  A.,  on  the  mornings  of  the  lOtb  and  11th  of  August  1867, 
by  three  observers.  Each  person  observed  independently  of  the  others,  and 
their  attention  was  mainly  directed  to  the  north-east. 


Philadelphia  mean  time  of 
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By  C.H.  Darlington. 
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Those  originating  near  the  radiant  indicated  the  usual  point  in  Perseus : 
but  some  of  the  more  distant  ones  seemed  to  come  from  the  direction  of 
Cassiopeia. 


Sucoessive  interrals  of  fifteen 
minutes,  1867,  Aug.  ixth 
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The  average  magnitude  was  decidedly  below  that  of  previous  years.  Only 
a  few  left  persistent  trains,  and  there  were  none  of  very  great  splendour. 
The  weather  was  dear^  and  drcumstanees  altogether  favourable. 
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At  a  Bomewhat  later  hour  than  the  last  of  the  abore  observations,  the 
August  meteoric  shower  appears  to  have  reached  its  maximum  in  America. 

New  York  Herald,  August  12th. — "  Poughkeepsie,  August,  11th,  1867: — 
Shortly  after  one  o'clock  this  morning  an  entirely  clear  sky  was  visible. . . . 
From  one  tiU  two  a.m.  over  seventy  meteors  were  counted,  and  from  that 
time  till  half-past  three  a.m.  they  increased  in  number  so  fast  that  they  could 
not  be  counted.  Three  of  them  were  of  great  brilliancy.  By  four  o'clock 
A^.  the  unusual  exhibition  had  entirely  ceased.'' 

The  rarest  displays  of  shower-meteors  are  comparatively  brief  in  their 
duration,  and  Mr.  Marsh  points  out ''  that  observations  extending  over  several 
days,  and  vabioxjsly  situated  is  lokoitubx,  are  needed,  in  order  to  show 
the  earth's  progress  through  the  group^  and  to  determine  the  exact  time  of 
central  passage." 

Y.  Papsbs  belatiko  to  Obsebvations  of  Luminous  Heteobs. 

1.  Professor  Newton,  on  ^'  The  Eelative  Number  of  Shooting-stars  seen  in 
a  g^ven  Period  by  different  numbers  of  Observers."  (American  Journal  of 
Sdence,  2nd  ser.  vol.  xli.  p.  192.) 

The  results  of  this  carefnl  series  of  observations  made  at  Newhaven,  Con- 
necticut,  on  the  morning  of  the  15th  of  November  1865,  may  be  referred  to 
as  a  common  standard  fbr  determining  the  rate  of  apparition  of  meteors  in 
cases  where  several  observers  combine  together  to  register  their  numbers. 

During  the  three  hours,  from  midnight  until  three  o'clock  a.m.,  on  the 
morning  of  the  15th  of  November,  twelve  observers  at  Newhaven  were  so 
arrang^  that  two  looked  to  the  zenith,  and  the  remaining  ten  divided  the 
points  of  the  compass  equally  between  them.  As  each  observer  saw  a  meteor 
he  called  his  name,  which  was  entered  by  an  initial  letter  in  the  register.  By 
three  o'clock  186  meteors  were  counted. 

The  average  number  seen  by  each  person  was  38'75,  Hence  the  propor- 
tion— 

No.  seen  by  one  observer :  No.  seen  by  twelve : :  38*75 :  186 (1) 

The  average  number  seen  by  two  persons  looking  towards  opposite  points 
of  the  eompass  (taking  all  the  pairs  of  such  observers)  was  75*4 :  and  hence 

No.  seen  by  two  observers :  No.  seen  by  twelve  : :  75*4 :  186 (2) 

The  average  number  seen  by  three  observers  looking  nearly  symmetrically 
to  different  points  of  the  compass  (taking  all  the  combinations  of  such  obser- 
vers) was  99'7.     Whence 

No.  seen  by  three  observers :  No.  seen  by  twelve : :  99*7 :  186 (3) 

Proceeding  thus  with  all  the  symmetrical  combinations  of  four,  five,  six,  or 
more  observers,  and  comparing  the  results  with  the  similar  results  obtained 
by  a  party  of  six  observers  on  the  night  of  the  15th  of  August  1865,  the 
nombers  seen  by  more  or  less  numerous  observers  are  shown  in  the  following 
Table,  which  also  contains  the  relative  numbers  seen  by  different  parties  of 
observers,  in  the  time  that  four  observers  would  take  to  count  100. 
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No.  of  ob- 
servers. 

Average  No. 
seen  during 

.  of  meteors 
the  watch. 

Average  No.  of  meteors 

seen  while  four  observers 
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Nov.  15th, 

Aug.  15th, 

Nov.  1 5th, 
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1865. 

1865. 
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" 

179-83 

■••«•• 

150-9 

12 

i86'oo 

156-0 

The  last  column  of  the  Table  shows  that  a  single  observer  would  not  count 
more  than  a  fifth  part,  nor  four  observers  more  than  two-thirds  of  the  meteors 
visible  in  a  given  period. 

2.  Mr.  R.  P.  Greg  "  On  Meteoric  Showers  and  their  Badiant-points.  (Bul- 
letins de  TAcad^mie  Royale  do  Belgique,  2nd  ser.  vol.  xxiii.  No.  2,  1867.) 

"  The  meteoric  shower  of  the  2nd  of  January  18G7,  was  far  less  copious 
than  it  appeared  on  the  same  date  in  1863  and  1864.  There  is  not  impos- 
sibly a  period  of  five  years  in  its  return,  and  a  seven-year  period  in  the  returns 
of  the  shower-meteors  of  the  5th-15th  of  December. 

**  The  linear  or  oval  extension  of  the  radiant  region  in  the  case  of  fifteen  or 
twenty  meteoric  showers,  somo  them  of  long  duration  (six  or  eight  weeks), 
appears  to  arise  from  the  change  of  the  angle  of  intersection  of  Uio  orbits  of 
the  meteoric  bodies  with  the  earth's  orbit.  In  the  course  of  two  months  (a 
sixth  part  of  the  whole  circumference)  the  angle  of  intersection,  at  the  points 
where  the  eai-th  enters  and  leaves  the  meteoric  group,  should  undei^o  a  very 
appreciable  alteration.  In  cases  of  very  long  duration,  it  is  probable  that 
the  orbits  of  the  meteoric  bodies  nearly  coincide  with  a  part  of  the  earth's 
orbit,  and  that  the  meteors  of  such  a  group  move  for  some  time  nearly  in  the 
same,  or  in  an  opposite  direction  to  the  earth's  path. 

"  Suppose  A  B  to  be  a  portion  of  the  earth's  orbit,  R  the  apparent  place  of 


the  radiant  region,  E',  E"  two  positions  of  the  earth  at  entering  and  leaving 
the  meteoric  group,  embracing  between  them  an  interval  of  two  months. 
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V  m',  v"  m"  the  apparent  directions  of  two  meteors  directed  from  the  radiant 
R.     Then  the  angle  a'  is  evidently  greater  than  a'\ 

''  As  far  as  I  have  been  able  to  examine  the  question,  the  arc  subtended  by 
the  difference  of  the  angles  a',  a"  may  be  more  or  less  exactly  measured  by 
comparing  together  the  lengths  of  the  major  and  minor  axes  of  the  radiant 
region  in  those  cases  where  it  appears  to  have  an  elongated  form.  Projected 
and  measured  upon  a  map  of  the  stars,  this  arc  occasionally  amounts  to  10°, 
or  15°,  independently  of  5°  allowed  for  errors  of  observation,  and  for  other 
sources  of  inaccuracy." 

By  the  "  arc  subtended  by  the  difference  of  the  angles  a',  a","  the  difference 
from  parallelism  between  the  lines  r  m\  r"  m"  in  the  above  paper  is  per- 
haps intended  to  be  signified;  and  this  may  amount  occasionally  to  15°. 
It  is  plain,  however,  that  the  real  difficulty  connected  with  the  long  endu- 
rance of  particular  radiant-points  in  a  nearly  fixed  position  is,  to  explain 
why  the  elongation  of  the  radiant  region,  or  the  difference  from  parallelism 
actually  observed,  does  not,  in  general,  amount  to  a  quantity  nearly  as  large 
as  the  difference  between  the  angles  a',  a'\ 

Thus,  supposing  A  a,  B  6  to  be  the  inner  and  outer  limits  of  a  current  of 
meteoric  bodies  moving  in  parabolic  orbits  round  the  sun,  S,  in  the  same 
plane  with  the  earth's  orbit,  a  B,  and 
having  the  common  axis  B  S  « ;   S  a, 
perpendicular  to  B  S,  the  earth's  dis- 
tance from  the  sun  when  it  encounters 
the  inner  limit  of  the  stream,  three 
months  before  the  time  when  it  arrives 
at  B.     The  absolute  velocity  of  the  me- 
teors where  they  encounter  the  earth  is 
everywhere  represented  by  the  diagonal 
of  a  square,  as  a  v,  whose  side  a  Y  re- 
presents the  velocity  of  the  earth  in  its 
nearly  circular  orbit.     Now  as  the  di- 
rections of  the  circle  and  parabola  at  a 
are,  respectively,  in  the  side  a  V  and 
diagonal  a  v  of  the  same  square,  the  re- 
lative velocity  of  the  meteors  at  a,  with 
respect  to  the  earth,  is  in  the  direction 
V  Y,  parallel  to  a  S ;  and  this  is  also  the 
direction  of  the  relative  velocity,  with 
respect  to  the  earth,  of  the  meteors  which  overtake  the  earth  at  B.     The 
radiant-point  of  the  meteors  at  a,  B  would,  in  such  a  case,  therefore  have  a 
nearly  invariable  direction,  or  apparent  position  in  the  sky,  R  li ;  and  in 
the  intermediate  interval  of  three  months,  during  which  the  shower  con- 
tinues, it  would  only  undergo  very  small  changes  of  its  place. 
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ON  DREDGING  i^MONG  THE  SHETLAND  I6LE8.  481 

Fourth  Report  on  Dredging  among  the  Shetland  Isles. 
By  J.  GwYN  Jeffreys^  F.R,S. 

In  spite  of  the  weather,  which  was  worse  than  usual  in  this  stormy  region, 
some  additional  results  of  no  slight  interest  were  obtained.  The  three  requi- 
sites of  such  enterprises  (time,  money,  and  experience)  were  not  wanting ;  and 
the  valuable  cooperation  of  Mr.  Norman,  Mr.  Waller,  and  Mr.  Dodd,  aided  by 
a  good  yacht  and  crew,  and  by  a  large  stock  of  apparatus,  left  nothing  to  desire 
except  calmer  seas.  Dr.  Edmondston  and  his  family  again  did  all  in  their 
power  to  promote  our  endeavours ;  and  Mr.  Cheyne,  of  Edinburgh,  kindly 
placed  his  house  at  Tanwick  at  our  disposal. 

Discoveries  in  natural  history  are  of  several  kinds,  all  of  which  are  nearly 
equally  important: — 1.  New  species  or  forms.  2.  Geographical  distribution. 
3.  Habits  of  animals,  including  in  the  present  case  those  supposed  to  be  depen- 
dent on  the  depth  of  water.  4.  Geological  relations.  5.  Extraneous  inci- 
dents. 

All  these  I  will  now  notice  as  regards  the  MoUusca.  Other  branches  of  the 
marine  Invertebrata  will  be  treated  of  by  Mr.  Norman,  Mr.  Waller,  and  Dr. 
Mcintosh ;  and  Dr.  GUnther  has  kindly  promised  to  report  on  a  few  small 
fishes  caught  in  the  dredge. 

1.  New  Species. — ^The  species  I  am  about  to  enumerate  are  new  to  the 
British  fauna,  but  not  to  science. 

TerehrateUa  SpiU^ergensis,  Davidson. 

Afresh  and  perfect,  although  dead  specimen  occurred  in  80-00  fledihomB  off 
Unst.  The  only  locality  hitherto  recorded  for  this  shell  in  a  living  state 
is  Spitzbergen.  It  was  found  by  Hisinger  and  myself  in  a  fossil  state  a| 
Uddevalla,  and  last  year  by  Messrs.  Orosskey  and  Eobertson  in  another  raised 
sea-bed  near  Christiania.  There  is,  of  course,  a  possibility  that  the  Shetland 
specimen  also  may  be  fossil ;  but  it  has  all  tiie  appearance  of  being  recent) 
and  Terehrattda  cranium  and  T,  captU-serpentis  (both  of  which  are  likewise 
arctic  species)  live  in  the  same  place  where  this  specimen  of  TerebrateUa 
Spitzbergensis  was  dredged. 

BhynchoneUa  psiitacea,  Ghnelin. 

A  specimen  (unfortunately  broken  in  dredging)  was  fbund  with  Ter^>ratella 
Spitzbergensis f  Terebratida  cranium,  and  T.  caput-serpentis.  This  was  filled 
with  soft  mud,  in  which  was  a  fresh,  but  dead  young  specimen  of  B.psittaceai 
I  had  on  a  former  occasion  dredged  a  full-grown  specimen  and  a  young  one 
(both  quite  perfect,  although  not  living)  off  Unst.  In  *  British  Conchology,* 
vol.  ii.  pp.  22  and  23,  is  an  account  of  all  the  specimens  said  to  have  been 
taken  by  Capt.  Laskey  and  others  in  the  British  seas ;  and  I  am  still  convinced 
that  most  of  these  reported  discoveries  were  mistakes,  and  that  some  of  the 
specimens  are  fossil.  The  present  case  is  free  from  doubt,  except  on  the  latter 
ground.  Single  valves  of  Pecten  Islandicus,  Tellina  calcaria,  and  Mya  frtm- 
cata,  var.  Uddevallensis,  are  not  uncommon  on  the  northern  and  eastern  coasts 
of  (Zetland,  and  were  procured  with  T,  Spitzbergensis  and  E.  psittaeea ;  but 
the  former  had  an  unmistakeably  fossilized  or  chalky  aspect,  and  never  were 
perfect  or  had  the  valves  united.  It  seems  to  be  an  established  rule  that  in 
all  species  of  maiine  invertebrate  animals,  which  are  distributed  through  the 
Eurox)ean  seas,  northern  specimens  excel  in  sixe  those  from  the  south  i  and 
thus  the  comparative  size  of  living  and  dead  specimens  of  arctic  species  found 
in  the  Shetland  seas  may  serve  as  an  additional  test  to  distinguish  which  of 
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the  latter  are  recent  or  surviviDg  and  which  fossil  or  relics  of  the  glacial  epoch. 
The  two  Brachiopods  in  question  must,  I  think,  stand  or  fall  together  as 
British.  Mr.  Davidson  (the  great  aulhority  on  this  abnormal  class  of  the 
MoUusca)  says  that,  under  the  circumstances  I  have  mentioned,  ^' there 
appears  to  be  a  probability  that  these  two  species  may  occur  somewhere 
in  the  neighbourhood — ^if  not  quaternary ;  but  if  this  last,  I  hardly  think 
they  would  have  been  so  perfect  and  fresh  as  you  describe  them  to  be." 
Professor  Lov^n,  who  has  examined  my  specimens,  considers  them  recent. 
According  to  Professor  Sars,  It.  jpsittcuiea  inhabits  the  coast  of  Finmark,  as  &r 
south  as  Tromso  (69°  40'  N.  lat.),  at  depths  of  from  20  to  80  fathoms.  Mr. 
M< Andrew  dredged  it  off  Drontheim  and  in  Upper  Norway,  at  depths  of  from 
40  to  150  fathoms.    Drontheim  lies  in  63°  N.  lat.,  Unst  in  about  61^ 

Ledapemtda,  MUUer. 

A  valve,  apparently  fossil,  was  dredged  on  the  northern  coast ;  and  several 
valves  in  a  fresh  state  (partly  covered  with  a  glossy  epidermis)  and  a  small 
perfect  but  dead  specimen  were  dredged  in  St.  Magnus  Bay,  on  the  west  coast, 
at  a  depth  of  from  60  to  80  fathoms.  As  no  glacial  fossilB  of  arctic  species 
occurred  on  the  west  coast,  1  have  no  hesitation  in  regarding  L,  pemtda  as 
British.  I  had  in  former  expeditions  dredged  small  valves  and  a  complete  pair 
east  of  Shetland  and  in  the  Hebrides.  This  species  inhabits  the  Scandinavian 
coasts,  as  far  south  as  Xullen  in  Sweden,  from  20  to  150  fathoms;  and 
M'Andrew  records  a  depth  of  160  fathoms  :  it  is  a  circumpolar  species,  and 
also  one  of  our  post-tertiary  or  quaternary  fossils. 

The  next  two  species  are  especially  interesting,  in  respect  both  of  novelty 
and  of  the  classification  of  the  MoUusca.  They  belong  to  the  class  Solenoconchia 
(Solenoconches,  Lacaze-Duthiers,  or  Scaphopoda,  Bronn),  which  is  represented 
by  the  genus  Dentalium,  I  have  elsewhere  so  fully  treated  of  this  peculiar  class 
that  I  will  now  offer  merely  a  few  remarks  on  the  genus  Siphonodenialium  of 
Sars,  to  which  or  an  allied  genus  the  species  now  about  to  be  noticed  must  be  re- 
ferred. SipTionodentalium  (perhaps  the  type  of  a  separate  family  of  Solenocon- 
chia) is  distinguished  from  Dentalium  by  having  an  extensile  worm-like  foot, 
the  disk  of  which  expands  in  the  shape  of  a  flower  and  is  famished  with  a  spike, 
by  the  mouth  or  anterior  orifice  of  the  shell  being  obliquely  truncated — in  Den^ 
talium  it  is  circular, — and  by  the  posterior  or  smaller  onfice  having  its  mar- 
gin serrated  or  slit  on  each  side,  instead  of  this  orifice  being  furnished  with 
a  short  pipe  or  having  its  margin  slit  on  one  side  only.  I  am  inclined  to  refer 
one  of  the  species  now  discovered  as  British  to  the  genus  Siphonodentalium, 
and  the  other  to  the  genus  Gadulus  of  Professor  Philippi*.  In  the  latter 
genus  (which  Philippi  proposed  for  the  reception  of  a  small  Sicilian  fossil — ^his 
Dentalium  ovulum)  the  shell  is  not  cylindro-conical  as  in  Siphonodewtaliumf 
but  is  tumid  in  tho  middle  or  anterior  portion,  sometimes  awl-shaped ;  and 
the  mouth  is  encircled  by  a  narrow  rim.  In  Gadulus  the  shell  is  quite 
smooth,  transparent,  and  lustrous ;  in  Siplionodenialium  it  is  striated  or  exhi- 
bits the  lines  of  growth,  and  is  semitransparent.  The  long-lost  Dentalitini 
gadus  of  Montagu,  an  allied  species  (J),  davatum  of  Gould)  frt)m  the  China 
Sea,  another  species  which  I  observed  in  the  late  Mr.  Cuming's  collection,  frt>ni 
Mindanao  (erroneously  named i>.  acuminatum,  Deshayes),  audi),  coarctatum  of 
Lamarck  (a  tertiary  fossil)  apparently  belong  to  Cadulus,  and  certainly  not  to 
Ditrupa  (properly  Ditrypa\  a  genus  of  testaceous  Annelids  the  shell  of 
which  is  different  in  structure  and  composition  from  that  of  CadvXus  or  of 

*  MolL  Sic  u.  p.  209, 
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SiphonodentaUum,  the  mouth  is  contracted  or  pinched-in,  and  the  animal 
is  annulose  and  has  a  circular  operculum*  On  the  other  hand,  several  kinds 
of  shelly  cases  described  as  Dentalia  really  belong  to  IHtrypa,  If  Cadulusi 
is  not  generically  distinct  from  StpJiotiodentalium,  the  former  of  these  names 
has  priority ;  and  we  shall  thus  be  able  to  expunge  a  more  than  sesquipe- 
dalian name  from  the  terminology  of  the  MoUusca.  The  diagram  now  exhi- 
bited is  an  enlarged  representation  of  the  figures  of  S.  Lofotense  and  S.  suh^ 
fusifomuSfirom  an  admirable  paper  by  Professor  Sars,  published  in  the  Transact 
tions  of  the  Academy  of  Sciences  at  Christiania  for  1864 ;  and  it  will  serve  to 
explain  the  nature  of  these  extraordinary  moUusks.    One  of  our  species  is 

Svphonodenidlium  LofoUnsty  Sars 

(''  Malacozoologische  Jagttagelser/'  in  Yid.-Selsk.  Forh.  1864,  p.  17,  figs. 
29-33),  ranging  from  the  Loffoden  Isles  to  Christianiafiord,  at  depths  of  be- 
tween 30  and  120  fathoms.  It  was  rather  plentiful  among  sandy  mud  in  St. 
Magnus  Bay,  at  the  depth  of  from  60  to  80  fathoms  \  and  I  had  found  it  in 
1846  when  dredging  off  Skye,  in  1864  off  ITnst,  and  last  year  in  the  Minch. 
The  shell  may  easily  be  passed  over — as  it  was  by  me — for  the  young  of  Dental 
liam  erUalis ;  but  it  is  more  curved  and  cylindrical,  the  mouth  and  correspon- 
ding lines  of  growth  slope  backwards,  and  the  margin  of  the.  posterior  orifice 
is  regularly  jagged  (having  two  slight  notches  on  each  side),  and  this  extremity 
does  not  form  a  bulbous  point  in  the  fry.  One  of  the  characters  given  by  Sars 
("  margine  apertures  posterioris  integro")  should  be  amended.  My  observa^ 
tion  of  the  animal  agreed  with  his,  except  that  the  foot  is  vermiform  and  has  a 
fine  point,  the  disk  being  expanded  and  assuming  the  shape  of  a  fiower  only 
when  the  SipTumoderUalium  wishes  to  obtain  a  fulcrum  and  keep  its  place  in 
the  sand.  The  foot  of  Nucula  and  Leda  is  somewhat  similar,  its  disk  when  ex- 
panded resembling  the  leaf  of  apalm.  Another  species  of  SiphonodeniaUum  pro- 
per is  Dentalium  quinquangulare  of  Eorbes,  from  the  jEgean  (80-230  fathoms), 
which  M' Andrew  afterwards  dredged  off  the  coasts  of  Portugal  and  Spain  in 
5-30  fathoms,  and  named  (lapsu  calami)  D,  quadrangulare ;  this  species  Sars 
lately  procured  from  the  Loffoden  Isles  and  Christianiafiord  in  50-300  fathoms, 
and  described  as  8.  pentagonum»  The  coincidence  of  the  first  and  last  of  these 
specific  names  is  curious.  D.  hicarinatum  of  Deshayes  (a  tertiary  fossil)  may 
also  be  referable  to  the  genus  Siphonodentalium.  D.  bifissum  of  Searles  Wood, 
from  the  Coralline  Crag,  is  possibly  the  type  of  another  genus,  for  which  I 
would  suggest  the  name  of  Discliides,  This  species  has  been  dredged  in  a 
living  state  off  Gibraltar  by  Mr.  M' Andrew  *.  I  suspected  that  2>.  bifissum 
might  be  the  tube  of  a  young  Teredo  norvegica,  on  account  of  its  having  a 
septal  process  within  the  posterior  orifice  :  at  all  events  my  remark  is  justi- 
fi^  by  the  affinity  which  exists  between  the  Teredinidcn  and  the  Soleno- 
conchia. 
The  second  species  of  this  class  is 

Cadvlus  suhfusiformis,  Sars 

(SiphonodenUiKum  subfusiforme,  1.  c.  p.  21,  figs.  36-44),  having  a  Norwegian 
distribution  equally  extensive  with  ^9.t  of  S,  Lofotense,  but  attaining  a  greater 
depth,  viz.  from  50  to  300  fathoms.  I  noticed  specimens  among  the  fossils 
collected  last  year  by  Messrs.  Crosskey  and  Bobertson  in  a  raised  sea-bed  at 
Barholmen,  near  Christiania.  It  occurred  on  the  Unst  ground,  in  80-90 
fathoms,  and  was  apparently  not  rare.  Mr.  Peach  detected  a  specimen  in 
looking  over  some  sand  which  I  dredged  there  in  1864 ;  this  I  at  the  time 

*  It  inhabits  also  the  European  and  African  coasts  of  the  Mediterranean. 
1867.  2  Q 
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regarded  as  a  Ditrtfpa,  The  mai^  of  the  posterior  orifice  has  two  dight 
indentationfi  or  notches,  one  on  each  side ;  and  Aura's  statement  that  the  margin 
is  entire  was  perhaps  founded  on  imperfect  specimens.  0,  subfudformu  may 
be  known  from  0,  gadua  not  only  by  its  much  smaller  gize,  but  also  by  haying 
the  greatest  width  or  diameter  in  the  middle  (instead  of  in  the  upper  or  ante- 
rior part),  and  by  the  posterior  or  narrower  part  being  abruptly  curtailed.  C. 
gadu8  is  awl-shaped,  and  has  a  tapering  extremity;  C  9ubfiuiforwk  is  gibbous. 
Whether  C  gadui  inhaUts  our  seas  is  questionaUe,  Montagu  says*,  <<  This  is 
a  pelagic  species,  found  in  many  parts  of  the  British  Channel,  and  is  known  to 
mariners  by  the  name  of '  hake's  tooth,'  who  frequently  find  it  within  sound- 
ings, adhering  to  the  log-line  (as  we  are  informed),  but  most  likely  to  the 
plumb-line."  My  specimens  are  from  the  collections  of  Dr.  Turton  and  Mr. 
George  Humphreys  j  the  latter  dealt  almost  ezdusiTely  in  exotic  shells.  Bang 
plac^  2>.  gaduB  in  his  genus  Ore$eu^  among  the  Fteropoda ;  but  Philippi 
rightly  objected  to  such  a  classification,  because  the  shells  of  all  Fteropoda  are 
closed  at  the  smaller  endf* 

The  sixth  and  last  addition  to  our  molluscan  fauna  is 

Utrxculus  ghbaaus,  LoYen 

(Awphiaphyra  ghbotat  Ind.  Moll.  Scand.  p.  11).  Two  living  specimens  were 
dredged  in  St.  Magnus  Bay,  with  Ledapernula  and  SiphonadentaUum  LofpUmu, 
Its  distribution,  according  to  Professor  Lov^,  extended  from  Einmark  to 
Bohuslan  in  the  south  of  Sweden ;  and  through  ike  kindneas  of  the  discoTerer 
and  Professor  liUjeborg  I  have  been  enabled  to  compare  the  Shetland  speci- 
mens with  those  from  the  SoandinaTion  coasts.  I  mention  this,  because 
(before  I  was  thus  faToured,  and  when  I  had  only  Loven's  description  to 
consult)  I  mistook  this  species  for  another,  which  I  have  lately  described 
as  U,  ventroatM,  from  Skye. 

2.  Oeographieal  diHribuHan, — ^The  accompanying  list;^  of  all  the  Mollusca 
hitherto  observed  in  Shetland  and  the  adjacent  seas  will  senre  to  show  the 
relations  which  exist  between  these  and  the  Mollusca  of  the  north  and  south 
of  Europe.  The  number  of  Shetland  species  is  363,  of  which  315  inhabit  the 
north  and  245  the  south  of  Europe.  The  total  number  of  species  of  British 
Mollusca,  so  far  as  I  have  yet  worked  out  the  subject,  is  712.  It  mnj  be 
remarked  what  a  scanty  proportion  the  land  and  freshwater  Mollusca  of  ffliet- 
land  bear  to  those  of  Great  Britain,  viz.  23  species  only  out  of  122.  The  marine 
species,  however,  are  340  out  of  500 — ^although  the  Zetlandic  Nudibrenohs 
and  Cuttles  have  not  been  well  examined,  and,  of  the  former,  28  only  out  of 
110  have  been  as  yet  observed. 

Some  species  are  now  for  the  first  time  recorded  as  Zetlandic,  e.  g.  Terthra-^ 
teUa  Spitzhergensis,  Montacuta  tumidula,  SiphonodentaUum  Lofatemey  didiikta 
suhfimformis,  Rissoaproxima,  Odostomia  ciavula,  and  Utrtculus  ghhostis.  Other 
species,  either  rare  or  local,  which  I  had  previouisly  dredged  on  the  eastern  and 
northern  coasts,  were  found  this  year  on  the  western  coast  also.  Such  are 
Pecten  Testa:,  Lima  Sarsii,  L,  elliptical  Leda  pemula,  Axinus  ferruginosus, 
Isocardia  cor,  TeTlina  balawttina  (one  living  specimen  being  fully  an  inch  in 
breadth),  Panopea  plieata,  Bissoa  Jeffreyst,  Aclis  supranitida.  A,  Walferi, 
Odostomia  minima,  0,  e^vimia^  Eulima  intermedia,  Natica  sordida,  Aporrhais 

♦  Test.  Brit  i.  p.  496. 

t  1  hare  now  aflcertained  that  Siphonodentalium  Lofotente^  8.  quinmutngulare,  Cadulus 
ovulttm,  C.  suhfttsiforms,  and  Discnides  bifissus  inhabit  the  Qulf  of  Niaplee.  1st  January 
1868. 

\  This  list  will  be  published  in  the  concluding  Beport  next  yeiir. 
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Maeandreat,  Cerithiojoiii  eostulata,  Bucctnum  Humphrtyiianum,  Columbella 
tynut,  Plturotoma  brachj^stoma,  Cylichna  acuminata,  PhiUne  quadraia,  and  P. 
nit4da, 

3.  Habits  of  AnimaU* — Species  which  were  supposed  to  inhabit  shallow 
water  only  were  found  living  at  considerable  depths.  In  this  category  may 
be  mentLoned  Natiea  catena y  which  was  dredged  alite  in  from  40  to  50  faUioms. 
Capt.  Thomas  informs  mo  that  he  also  dredged  this  species  in  the  Orkneys  living 
at  the  same  depth.  A  dead  specimen  of  Stilifer  TurUnii  was  procured  with 
Natiea  catena.  Bathymetrical  conditions  are  not  of  so  much  consequence  to 
the  MoUusca  as  a  suitable  habitation  and  a  good  feeding-ground.  We  had 
the  good  fortune  of  dredging  in  170  fathoms — a  greater  depth  than  had  been 
preyiottsly  explored  in  the  British  seas.  This  was  about  forty  miles  N.N.  W. 
ofUnst.  The  ground  was  stony  intermixed  with  patches  of  sand.  The  greatest 
depth  recorded  as  having  been  dredged  in  our  seas  was  145  fathoms,  by  Admi« 
ral  Beechey,  off  the  Mull  of  Galloway.  The  following  is  a  list  of  the  MoUusca 
which  I  examined  firom  our  dredging  in  170  fathoms : — 

living. — ^BiucHiopoDA :  Terebrattda  cranium,  young;  T,  caput^icrprntitf 
young ;  Crania  anomaJa,  Covohifera  :  Anomia  ephippium,  young ;  A.  pateU 
liformis,  var.  striata;  Lima  subauriculata,  young;  Ledapygmaa;  Mantacuta 
ntbstriatat  on  Spatangua  meridionalis;  Venus  ovata ;  Lucinopsis  undata, 
young;  Saxicava  rugosa,  Solbvoconchia :  Dentalium  sntaUs,  var.  anuiata. 
Gaszbopoda:  Trochus  ocddentalis;  EulimabUineatas  Natiea  MontaeuU;  2Vo- 
phon  Barvicensis. 

Dead. — CIohchifeba  :  Pecten  ssptemradiatus,  a  fragment ;  P.  tigrinus,  ditto ; 
P.  similis,  a  single  valve ;  OreneUa  deeussata,  fragments ;  Nucula  nucleus,  single 
valves ;  N,  tenuis,  ditto ;  Leda  minuta,  a  single  valve ;  lAmopsis  aurita,  small 
but  fresh  single  valves;  Area peetunculoides,  single  valves;  Lueina  borealis, 
perfect ;  Aannus  Oroulinensis,  single  valves ;  Cardium  faseiatum,  ditto ;  0. 
minimum,  ditto ;  Aatarte  suhata,  ditto ;  Venus  lincta,  ditto ;  Tellina  balaus- 
tina,  a  fragment ;  Psammobia  Ferro&nsis,  ditto ;  Mactra  soUda,  var.  elliptica, 
single  valves ;  Serobiculariaprismati€a,A  fngment',  Thracia  papyracea,  rBX. 
villosiuseula,'  young ;  Necera  euspidata,  a  fragment.  Qastbopoda  :  Teetura 
fulva,YST.albida;  Propilidium  ancyloides;  Emarginulafissura;  Troehusama* 
bilis,  young;  T.  mHUgranus,  ditto;  Turritella  terebra,  var.  nivea;  Natiea 
Alderi;  Trichotropis  borealis;  Buccinopsis  Dalei,  a  fragment ;  Pustis  ^rociK*, 
young ;  F.  propinquus,  ditto ;  Defranda  teres;  D.  linearis,  var.  cequalis,  a 
frugment;  Pleurotoma  eostata,  ditto;  Cylichna  alba,  ditto.  Fterofoda: 
Spirialis  retroversus  ;  Clio  or  Cleodora  pyramidata,  a  fragment. . 

Of  these  species  sixteen  were  living,  and  thirty-eight  dead — in  all,  fifty- 
four.  They  comprised  some  rarities,  viz.  Terebratula  cranium,  Limopsis  aurita, 
Axinus  Crotdinensis,  Trochus  amabilis,  Buccinopsis  Dalei,  and  Cylichna  alba. 
The  shells  were  of  the  usual  colour ;  indeed  this  was  brighter  and  darker  in 
living  specimens  of  Venus  ovata  and  Eidima  bilineata  than  in  average  examples 
of  the  same  species  taken  in  a  few  fathoms.  The  notion  that  colour  is  absent 
or  fainter  in  sheUs  from  deep  water  seems  to  be  quite  unfounded. 

4.  Geological  Relations, — Fossil  shells  (being  apparently  relics  of  the  glacial 
epoch)  occurred  in  170  fathoms,  and  higher  up  to  80  fathoms.  They  were  chiefly 
Pecten  Islandicus,  TeUina  ealcaria,  Mya  truncata,  var.  Uddevallensis,  Saxicava 
rugosa,  var.  UddevaUetisis,  Molleria  costulata,  and  Trochus  cinereus.  All  these 
species  and  varieties  inhabit  high  northern  latitudes,  and  none  of  them  have 
been  discovered  living  in  our  seas.  No  such  fossils  were  detected  on  any  part 
of  the  western  coast  of  Shetland. 

5.  Extraneous  incidents, — In  the  dredged  stuff  taken  from  a  depth  of  about 

2o2 
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85  fathoms,  on  a  soft  sandy  bottom,  twenty-five  miles  N.N.W.  of  Unst,  I 
found  the  canine  tooth  of  an  animal  of  the  weasel  tribe ;  and  Mr.  Waller  found 
the  shoulder-blade  of  a  much  smaller  quadruped.  These  occurred  within  a 
comparatively  small  space,  although  not  together,  and  they  were  unaccom- 
panied by  any  other  land  organisms.  The  socket  of  the  tooth  and  the  bone 
were  eroded.  It  is  possible  that  the  tooth  was  that  of  a  tame  ferret,  which  was 
accidentally  killed  in  1862  and  thrown  into  the  sea  in  Balta  Sound,  at  a  dis- 
tance of  about  thirty-five  miles  from  the  place  where  the  toothwas  dredged.  The 
tide  sets  with  great  rapidity  in  that  direction  ;  and  when  the  carcase  became 
distended  by  the  gases  evolved  during  putrefaction,  it  must  have  floated  for 
some  time.  The  bone  is  supposed  by  Mx.  Boyd  Dawkins  to  be  that  of  a  bat ; 
this  may  have  been  eaten  by  a  snowy  owl,  and  disgorged  or  voided  on  its  way 
back  to  the  Paroe  Isles  or  Iceland.  J  mention  this  curious  circumstance  to 
show  that  some  bones  of  quadrupeds  as  well  as  of  man  may  be  preserved  for  a 
long  time  in  "  the  slimy  bottom  of  the  deep,*'  without  being  disturbed  by  the 
naturalist.  When  we  consider  the  vast  extent  of  the  sea- bed,  and  the  very 
trifling  and  unfrequent  operations  of  the  dredge  (the  one  being  measured  by 
square  nautical  degrees,  and  the  other  by  square  yards),  we  ought  not  to  be 
surprised  that  the  remains  of  drowned- mariners — ^at  least  their  teeth — are  not 
thus  brought  to  light.  Clarence's  dream  (the  creation  of  a  sublime  poet)  is 
never  Hkely  to  be  verified  by  modern  research. 

'  I  have  had  much  pleasure  in  presenting  a  collection  of  the  rarer  shells  to 
our  national  Museum. 

Subjoined  are  letters  from  Dr,  Giinther  and  Mr.  Boyd  Dawkins : — 
"  Dear  Sir, — The  fishes  collected  by  you  by  means  of  the  dredge,  at  a 
depth  of  from  80  to  90  fathoms,  at  the  Shetland  Islands,  belong  to  four  species, 
all  being  new  to  the  British  fauna.  Singularly  enough,  two  belong  to  Me- 
diterranean species — ^viz.  a  Dragonet,  CaUionymus  maeulatus  (Bonap.)  and  a 
Sand-Launce,  Ammodytes  sieulus  (Swains.).  The  two  others  appear  to  be  un- 
described :  one  is  a  Rockling,  distinguished  by  its  very  large  eyes,  for  which 
I  propose  the  name  of  MoUJla  macrophthalma ;  the  second  a  Goby,  which  I 
dedicate  to  its  discoverer  under  the  name  of  Gobiiis  Jeffrey sii.  I  will  furnish 
you  with  descriptions  of  the  two  new  species,  and  remain 

"  Yours  very  truly, 
"  J.  Gwyn  Jeffreys,  Esq.,  F.M.8J'  "  A.  GtwrHKR," 


*'  Upminster,  Bomford,  Esaex. 
'*  August  28,  1867. 

•*  Mr  DEAR  Sir, — I  hare  carefully  examined  the  remains  found  under  such 
interesting  circumstances.  The  tooth  approaches  nearer  to  the  left  lower 
canine  of  the  ferret  {Patorhis  furo)  than  to  any  other  teeth  in  the  Museum  of 
the  College  of  Surgeons.  From  so  small  a  portion  I  can  hardly  infer  the  species 
of  the  animal ;  but  if  its  possessor  was  not  a  Ferret,  he  was  a  Ferret's  first 
cousin,  one  of  the  Mustelines,  who  died  in  the  prime  of  life.  The  corrosion  of 
the  fang  is  very  curious,  and  cannot  be  the  result  of  the  waste  of  the  sea :  it 
seems  to  be  the  result  of  the  action  of  an  acid,  which  has  been  prevented  from 
attacking  the  crown  by  the  crystalline  structure  of  the  enamel.  Nearly  all 
the  gelatine  has  disappeared  from  the  fang.  Its  age  would  be  best  arrived  at 
by  the  character  of  the  sea-bottom.  If  from  a  muddy  deposit,  probably  it  is 
of  that  age;  if  from  a  rocky  bottom,  its  age  is  altogether  uncertain.  It  is  not 
more  recent-looking  than  many  of  the  Pleistocene  bones  I  have  dug  out  of 
caverns.  The  second  fragment  seems  to  be  a  portion  of  the  scapula  of  a  bat ; 
but  its  condition  does  not  allow -bf  a  very  accurate  determination.     If  the  two 
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were  dredged  up  near  each  other,  there  is  prohably  a  deposit  of  bones  at  the 
spot  whence  they  were  obtained,  similar  to  that  of  the  east  coast.  Their  dis- 
coTery  is  of  very  great  interest,  and  I  am  only  sorry  that  I  can  add  so  little  to 
their  elacidation.  **  I  am,  my  dear  Sir, 

"  J.  Gimp%  Jeffreys,  Esq,  Yours  truly, 

25  Devonshire  Place."  ,        "  W.  Boyd  Dawkdts." 

F.S.  I  may  add  that,  before  I  left  Shetland,  Dr.  Saxby  kindly  undertook,  at 
my  suggestion,  to  ascertain  whether  mammalian  bones  deposited  in  the  sea 
would  be  eroded,  and  by  what  means. 


Preliminary  Report  on  the  Crustacea,  Molluscoida,  Echinodermata, 
and  Cwlenterata,  procured  by  the  Shetland  Dredging  Committee  in 
1867.     By  the  Rev.  Alfred  Merle  Norman^  M.A» 

The  further  investigation  is  carried  on  in  the  Shetland  seas,  the  more  deeply 
interesting  does  the  study  of  the  fauna  of  that  portion  of  our  country  become. 
Dredging  in  the  depths  of  those  northern  waters,  in  which  there  is  almost 
invariably  a  heavy  sea, — at  one  time  sweeping  across  the  Atlantic,  at  another 
rolling  away  from  Greenland,  at  another  (as  was  the  case  for  many  weeks 
together  during  the  present  summer)  running  from  Spitzbergen  and  the  ice- 
floes of  the  Arctic  Ocean,  accompanied  by  a  keen,  cutting  north-east  wind, — 
is  not  altogether  pleasant  work  for  the  naturalist.  Yet,  trjdng  and  difficult 
though  the  dredging  may  be,  there  is  none  to  be  compared  with  it  in  the 
British  Islands;  and  every  fresh  summer  your  Dredging  Committee  have 
spent  in  investigating  the  marine  fauna  of  Shetland,  they  have  returned 
home  only  the  more  convinced  of  the  greatness  of  the  field  of  research  which 
remains  to  be  explored.  Every  square  mile  of  the  sea  seems  to  have  trea- 
sures to  give  up  unknown  to  us  before ;  and  the  extent  of  the  riches  which 
lie  there,  one,  two,  three,  four  hundred  fathoms  deep,  will  perhaps  never  bo 
known  in  our  day.  The  extreme  interest  which  attaches  to  the  Shetland 
sea  is  the  circumstance  that  it  is  the  trysting  place  of  the  northern  and 
southern  faunas :  the  warm  influence  of  the  Gulf-stream  impinging  on  the 
western  coast  coaxes  on  many  a  species  of  sunnier  climes  to  extend  its  migra- 
tion northwards,  while  the  cold  winds  and  waves  which  issue  from  the  Pole 
and  come  drifting  round  the  North  Cape  and  Loffoden  Isles,  account  for  the 
many  Arctic  forms  which,  stunted  in  size  and  numerically  scarce,  are  yet 
able  in  the  equable  temperature  of  the  abyss  of  the  Shetland  waters  to  hold 
out  against  tibose  southern  influences  so  detrimental  to  their  constitutions. 
The  product  of  the  dredging  of  the  present  year  promises  a  rich  hardest  of 
additions  to  the  British  fauna ;  and  in  those  classes  of  which  I  more  espe- 
cially undertake  the  examination  I  have  already  found  most  important 
results ;  at  the  same  time  the  few  notes  which  at  this  time  are  given  must 
be  only  regarded  in  the  light  of  a  preliminary  report.  The  passing  of  every 
specimen  under  the  microscope,  as  must  be  done  in  the  determining  of  all 
the  smaller  Crustacea,  Hydrozoa,  tfec,  and  the  dissection  and  mounting  of 
every  specimen  of  the  former  not  at  once  recognized,  is  necessarily  a  work 
of  time ;  and  very  much  remains  to  be  examined,  especially  among  the 
Copepoda,  Ostracoda,  &c. 
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Cbttstacea. 

lirst  we  will  take  the  Onutacea.  In  my  Beport  of  Hebridean  Dredging 
last  year,  I  traced  the  genua  Xantho  northwards  as  far  as  the  Isle  of  Mull ; 
and  I  have  now  to  record  the  occurrence  of  a  young  specimen  of  X.  rivulosa 
some  350  mUes  farther  north,  off  the  Island  of  Balta.  A  fine  undescribed 
Pagurus  is  perhaps  nearest  allied  to  P,  cuaiunsis.  The  hand  is  remarkably 
broad,  the  &iger  especially  so,  and  is  famished  with  three  much  elerated 
ribs,  one  at  each  margin,  and  ilie  third  central ;  the  margins  are  denticulately 
spined,  and  the  wrist  and  upper  edge  of  the  second  and  third  legs  are  also 
spinous ;  the  species  may  be  named  Paguriis  trtcarituitus.  Among  the  My- 
sidea  are  two  genera  not  yet  recorded  as  British.  Nematopm  serratus,  G.  O. 
Sars,  differs  from  Mysis  chiefly  in  the  structure  of  the  abdominal  feet  and  of 
the  central  tail-plate ;  the  species,  when  aliye,  is  a  beautiful  little  thing, 
having  its  white  body  prettily  painted  with  red,  and  the  eyes,  which  are 
large  and  kidney-shaped,  of  a  bnlliant  ruby  colour.  The  other  genus  is  one 
which  I  would  estabHsh  (Chutrosciceiui)  for  the  reception  of  the  Mysia  sancta 
of  Van  Beneden  (=if.  apinifera,  Goes);  the  marsupial  pouch,  instead  of 
being  an  appendage,  as  in  Mysis,  of  the  last  two  thoracic  legs,  is  attached  to 
the  last  thoracic  and  first  abdominal  feet ;  and  the  first  abdominal  feet  in  the 
female,  instead  of  being  the  smallest,  are  the  most  fully  developed,  and  con- 
sist of  an  elongated  basal  joint  and  two  short  branches ;  while  in  the  male 
the  third  abdominal  foot  is  the  more  especially  developed  sexual  organ. 
Gasirosaceus  sanetus,  though  now  first  recorded,  has  been  for  many  years  in 
my  collection,  and  was  first  sent  to  me  by  Mr.  Edward,  of  Banff,  who  pro- 
cured it  in  the  Moray  Pirth.  Mysis  flexuosa,  Spirittis,  vulgaris,  Orijff^siw 
and  Didelphys;  Diastylis  lamellqta,  Ipkithoe  serrata,  and  Lamprops  rosea 
were  the  remaining  Stomapods. 

Among  the  Amphipoda  the  difficult  family  Lysianassidas  is  well  repre- 
sented by  CaUisoma  crenata,  Arwnyx  hngicomis,  Imigipes,  mintttw,  ohesus, 
and  HolhoUii  (=identiculatus,  Bate),  and  by  three  adcQtions  to  our  fauna, — 
Anonyx  nanoides  of  liUjeborg,  procured  among  Laminarise  at  Lerwick  and 
at  Hills  wick,  Anonyx  tumidus  of  Kroyer,  found  in  a  sponge  dredged  thirty- 
five  miles  N.N.W.  of  Unst  in  170  fathoms,  and  Stegoc^pkalus  ampuUa, 
Phipps.  This  last  truly  arctic  species  was  dredged  in  60-70  fathoms  in 
St.  Magnus  Bay ;  the  single  specimen  procured  is,  as  compared  with  Spits- 
bergen examples,  for  which  I  am  indebted  to  Professor  Loven,  as  a  pigmy  to 
giants,  bearing  about  the  same  proportionate  size  to  its  northern  brethren  as 
do  the  Ijeda  pemula,  taken  in  the  same  spot,  to  their  Greenland  relatives. 
Indeed,  as  a  rule,  those  arctic  Amphipods,  which  occur  also  on  the  British 
coast — ^for  example,  Oammarus  locusta  and  Amathilla  Sahini — attain  a  much, 
greater  development  within  the  Arctic  circle.  The  Anonyx  tumidus,  how- 
ever, of  Shetland,  shows  no  difference  of  size  from  Spitzbergen  specimens.  It 
may  be  questioned,  however,  whether  this  is  a  truly  arctic  species;  for 
although  long  known  in  the  north,  it  has  recently  been  recorded  by  Professor 
Heller  from  the  Adriatic  Sea ;  and  its  discovery  this  year  in  Shetland  gives 
an  intermediate  locality.  The  fact  that  it  is  an  essentially  parasitic  species, 
which  b  never  found  except  either  in  the  branchial  sac  of  Tunioata  or  in 
sponges,  and  that  it  is  also  an  inhabitant  of  very  deep  water,  may  have  led 
to  its  haAdng  been  hitherto  overlooked. 

Passiog  over  all  other  Amphipoda  hitherto  known  to  our  fauna,  I  have  to 
announce  the  following  important  additions : — a  species  allied  apparently  to 
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OodliopiuSy  having  subequal  ovate  gnathopods ;  but  the  peduncles  of  tbe  an- 

tennsB  are  longer  and  the  flagella  shorter  than  is  usual  in  that  genus,  and 

tlie  meros  of  the  pereiopods  is  not  produced  backwards  and  downwards ;  a 

J^lemie$  (?),  with  smooth  body,  and  hands  somewhat  resemhling  in  structure 

those  of  t^e  second  pair  in  Amphilockus  manudetis,  Bate,  with  the  palm 

eomilarlj  crenated,  but  much  more  oblique ;  a  new  genus  allied  in  general 

eharacters  of  eyes^  of  gnathopods,  and  pereiopods,  especially  in  the  broadly 

flattened  meros  and  carpus  of  the  last  pair,  to  ffaploaps,  but  having  the  an- 

tennao  furnished  with  an  appendage ;  an  Atylus,  remarkable  on  account  of 

the  extraordinary  length  and  slendemess  of  the  legs,  and  having  the  hinder 

margin  of  all  the  abdominal  segments  serrate  across  the  back  with  a  larger 

central  spine ;  a  G^rtophium,  having  the  segments  of  the  bodv  furnished  with 

spine-formed  tubercles,  which  are  much  linger  than  those  of  0.  ttiberctdaris, 

Bnuelius,  from  which  it  also  differs  in  having  the  hand  of  the  second  gna- 

thopods  shorter  and  broader,  and  the  spine  of  the  meros  large  and  strong ; 

and  a  Gorophium,  with  longer  posterior  uropods  and  less  strongly  developed 

antennse  than  the  species  hitherto  described. 

Of  Isopoda  the  very  rare  species  Paratanais  rigidus,  B.  &  W.,  Phryams 
ahdcminalis,  parasitical  in  Hippolyte  pugioh,  Leptaspidia  hrevipes,  B.  &  W., 
and  Girolana  spinipes,  B.  <&  W.,  were  found,  together  with  what  appears  to 
be  a  new  species  of  the  kst  genus.  The  form  comes  nearest  to  the  ^r/a 
erenulata  of  Liitken,  agreeing  with  it  in  having  the  telson  truncated  and 
denticulate  at  the  extremity ;  the  general  outline  of  the  telson,  however, 
differs  from  Lutken's  figure,  and  the  uropods  are  of  different  form.* 

My  attention  was  especially  directed  during  the  expedition  to  the  Ento- 
mostraca,  and  an  enormous  stock  of  material  has  been  accumulated  for 
examination.  It  has  as  yet  scarcely  been  touched,  but  the  following  new 
things  have  already  been  observed,  Pirst  and  foremost  is  Gypridina  Nor- 
vegica  of  Baird — ^the  largest  of  all  European  Ostracoda ;  next  is  a  very  fine 
arctic  Oythereis,  Gyiherm  eostata  of  Brady,  only  known  previously  from  the 
Hunde  Islands ;  Pontoeypris  hispida,  Gythereis  erenulata,  and  Gythereis  abys- 
sieola  are  species  reoenUy  described  by  G.  0.  Sars  from  the  Norwegian  seas ; 
and  besides  these  there  are  four  species  of  GytJiere,  one  Gytheridea,  two 
Gyiherura  (including  by  far  the  finest  species  of  the  genus  yet  known),  and 
a  species  allied  perhaps  to  Argilloseia  cylindrka  of  Sars,  which  appear  to  be 
new  to  science.  There  are  also  several  members  of  the  families  AUeuthtdce 
and  BarpaeticidcB,  together  with  a  curious  form,  parasitic  in  Didemnaum 
gehtinosum,  which  I  am  unable  as  yet  to  determine,  and  believe  to  be 
nndescribed. 

The  very  rare  and  curious  burrowing  barnacle,  Aldppe  lampas,  Hancock, 
was  inhabiting  shells  of  Fusus  antiqutis,  dredged  five  miles  off  Balta. 

TUKICATA. 

The  Tunicata  dredged  were  very  few,  but  included  Ascidia  radii,  Alder,  a 
large  species  diseoverod  in  1861,  and  this  year  procured  between  the  Islands 
of  Whalsey  and  Balta.  In  a  cave  in  St.  Magnus  Bay,  Thyhcium  Normani, 
Alder,  was  living  in  great  numbers ;  it  was  only  previously  known  in  the 
Channel  Islands,  where  it  covers  a  large  portion  of  the  side  of  the  famous 
Gouliot  Cave.  8alpa  runcinata  was  met  with  in  some  numbers  in  the  open 
sea  thirty  miles  N.N.W.  of  Burraflrth  Dghthouse,  but  was  not  observed 
nearer  shore. 
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POLTZOA. 

Two  or  three  fragments  of  the  beautiful  coral  Em^nera  violacea  of  Sara 
were  dredged  between  Balta  and  "Whalsey  in  40-50  fathoms.  A  fine  spe- 
cimen procured  'by  Mr.  Barlee  has  long  been  in  my  collection.  I  found  it 
among  his  Polyzoa  bequeathed  to  me  marked  "  Shetland."  The  confirmation 
of  the  discovery  is,  however,  of  importance,  and  this  fine  addition  to  our 
fauna  is  now  for  the  first  time  made  public.  A  very  remarkable  Lepralia, 
found  between  tidemarks  at  Balta,  differs  widely  from  all  known  species. 
The  mouth  of  the  hyaline,  punctate,  ovate  cells,  instead  of  being  sessile,  is 
elevated  to  the  extremity  of  a  long  tube  which  rises  from  the  polyzoary ; 
immediately  beloW  the  origin  of  this  tube  is  an  ovate  avicularium.  A  small 
patch  of  this  species,  consisting  of  a  few  cells  only,  in  a  very  imperfect  state, 
which  I  had  met  with  among  the  things  procured  in  Shetland  by  Mr.  Barlee, 
was  sent  by  me  some  years  ago  to  Professor  Busk,  who  attached  to  them  the 
manuscript  name  Lepralia  ivbulosa,  a  title  which  the  species  may  most 
appropriately  bear.  There  is  also  a  new  Eschara,  and  a  few  other  species 
were  found  which  are  additions  to  the  very  long  list  of  Shetland  Polyzoa 
previously  known  to  me. 

£CHIN0DERVATA.» 

Among  the  Echinodermata  the  fact  of  Cidaria  papillata  and  Spatangus 
meridionalis  having  been  dredged  in  considerable  numbers,  living  in  100-110 
fathoms,  about  thirty  miles  N.N.W.  of  Unst,  is  extremely  interesting.  The 
Cidaris  has  never  before  been  dredged  in  our  seas,  the  few  specimens  known 
having  been  obtained  from  fishermen's  lines.  We  kept  it  alive  for  some 
time,  and  found  it  to  be  remarkably  sluggish  in  its  movements.  The  Spa- 
tangus  was  not  known  anywhere  north  of  the  Mediterranean  until  1864, 
when  two  specimens  were  obtained  near  the  same  spot  in  which  it  has  this 
year  been  met  with  in  greater  profusion.  A  second  British  specimen  of 
Archaster  Parelii  was  found  near  the  same  spot  as  the  species  just  referred  to. 
An  Echinocardium  was  dredged  by  Mr.  M* Andrew  many  years  ago  on  the 
south  side  of  Bressay  Island,  Shetland,  and  described  and  figured  in  the 
'Annals  of  Natural  History'  for  1857,  under  the  name  oi Amphidotus gib- 
hostis  of  Agassiz.  The  species  was  dredged  this  year  in  St.  Magnus  Bay,  and 
I  have  seen  a  second  specimen  procured  by  Mr.  D.  Eobertson  in  the  Clyde 
district,  and  a  third  found  by  Mr.  Hodge  on  the  Durham  coast.  It  is  most 
certainly  not  the  Amphidetu^  gibbosus  of  Agassiz,  and  I  would  propose  to  call 
it  Echinocardixtm  pmnatifidum,  on  accoimt  of  the  character  of  the  pedicel- 
larifie,  which  are  very  different  from  the  same  organs  in  E.  ovaium,  its  nearest 
ally,  and  remind  us  strongly  of  the  form  of  fern  leaves. 

CcELEirrERATA. 

Lastly,  in  briefly  noticing  the  Coelenterata,  it  is  worthy  of  mention  that 
Stomphia  Churchio!,  Bulocera  Tuedice,  and  Pennatula  phosphorea,  the  last  in 
most  extraordinary  profusion,  were  found  in  St.  Magnus  Bay,  and  that  Efnzo^ 
dine  areoluta,  Merona  comucopicB,  and  Dicoryne  confertOj  live  in  about  50 
fathoms,  five  to  seven  miles  off  Balta.  In  company  with  these  last  were 
thousands  of  a  Zoanthus,  which  sometimes  lives  entirely  free,  at  others  coats 
the  shells  of  small  univalve  moUusca  and  then  destroys  their  substance.  This 
Zoanihus  is,  I  believe,  the  Z,  incrustatus  of  Scandinavian  writers,  and  I  am 
now  perfectly  satisfied  that  it  is  distinct  from  the  Zoanthus  Couchit,  and 
from  a  form,  perhaps  also  distinct  from  Z,  Couckiiy  which  was  found  on  this 
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and  on  previous  occasions  in  Shetland  inhabiting  very  deep  water  and  living 
parasitic  upon  sponges,  thus  being  of  similar  habit  to  that  species  which  has 
excited  so  much  controversy  lately,  which  lives  upon  Hyaionema  mirabilis. 
In  the  open  sea  to  the  north  of  Unst  I  had  the  delight  of  seeing  in  profusion 
two  lovely  oceanic  Hydrozoa  belonging  to  the  genera  Diphyes  and  Physophora, 
Unfortunately  having  no  works  upon  the  subject  with  me  I  was  unable  to 
determine  the  species,  but  I  believe  the  former  to  have  been  D.  appendicvlata. 
Diphyes  has  only  once  before  been  observed  in  British  waters,  and  Physo-- 
phora  was  not  known  to  inhabit  them.  The  rapidity  of  growth  in  Diphyes 
is  extraordinary,  the  coenosarc  of  a  specimen  kept  alive  was  developed  nearly 
three  inches  in  a  single  night. 

These  notes  are  necessarily  brief,  and  I  fear  may  have  proved  dry  and  un- 
interesting to  the  majority  of  the  members  in  consequence  of  that  very 
brevity.  My  excuse  must  bo  that  it  is  much  more  easy  to  draw  up  a  report 
of  general  interest  when  little  has  been  done,  and  the  habits  and  life-history 
of  some  particular  animals  can  be  dilated  upon,  than  it  is  so  to  summarize  the 
discoveries  of  a  successful  expedition  as  to  make  them  in  their  necessarily 
condensed  form  interesting  to  others  than  purely  scientific  naturalists. 


Report  on  the  Foraminifera  obtained  in  the  Shetland  Seas. 

By  Edward  Waller. 

In  making  a  report  of  the  Foraminifera  obtained  in  the  several  dredging  ex* 
peditions  to  the  Shetland  Islands,  undertaken  by  Mr.  Jeffreys  and  his  com- 
panions from  1861  to  the  present  year  (in  all  of  which,  except  that  of  1863, 
I  was  a  party),  it  was  a  matter  of  immediate  importance  to  consider  some  of 
the  works  recently  published  on  the  British  Eoraminifera,  for  the  purpose  of 
deciding  upon  the  mode  of  classification,  the  nomenclature,  and  the  enumera- 
tion to  be  adopted  in  presenting  the  results  of  our  explorations. 

Mr.  Williamson's  redent  *  Foraminifera  of  Great  Britain,'  published  by  the 
Kay  Society  in  1858,  illustrated  with  admirable  plates,  and  containing  gene- 
rally very  lucid  descriptions,  will  necessarily  be  in  the  hands  of  all  studying 
the  British  Foraminifera,  and  may  be  taken,  without  much  change,  as  afford- 
ing a  fair  representation  of  the  then  known  forms  which  were  sufficiently 
distinct  to  be  named  and  figured. 

The  beauty  of  the  objects  and  the  information  in  the  book  will,  doubtless, 
soon  stimulate  explorers  elsewhere,  as  they  have  done  on  the  Scottish  and 
Durham  coasts,  to  make  additions  to  our  species. 

The  subsequent  work  of  Dr.  Carpenter  on  the  study  of  the  Foraminifera, 
published  by  the  Ray  Society  in  1862,  was  based  on  very  extended  inquiries 
into  both  recent  and  fossil  Foraminifera  by  himself  and  Messrs.  Parker  and 
Jones,  and  opened  up  views  of  classification  which  differed  very  much  from 
previous  modes,  including  Mr.  Williamson's. 

Dr.  Carpenter's  system  has  regard  more  to  th  construction  of  the  animal 
inhabitant  than  to  the  outline  of  the  shelly  covering,  and  seems  at  once  to 
have  a  more  natural  foundation,  and,  from  certain  characters  of  the  shell, 
suited  to  the  animal  construction,  to  afford  a  more  obvious  and  accurate  divi- 
sion of  the  objects.  The  new  arrangement  requires  a  considerable  change  in 
the  names  of  species,  &c. 

I  propose,  therefore,  in  the  appended  list  to  follow  the  classification  and 
nearly  the  nomenclature  of  Dr.  Carpenter  and  his  colleagues,  and  to  take  Mr, 
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Williavison'B  work  as  a  basis  for  the  enameration  of  thb  yarious  forms  of  oar 
feoont  Fotati^inifera. 

In  taking  this  course,  I  but  follow  in  the  steps  of  Mr.  H.  B.  Brady,  who 
published  in  the  Transactions  of  the  Linnean  Society,  toI.  xxxv.,  a  list  of  the 
Shetland  Eoraminifera,  derived  principally  from  dredgings  famished  by  Mr. 
Jeffreys  and  myself,  with  some  additions  firom  my  own  examinations.  His 
catalogue  has  been  so  carefully  constructed,  and  his  investigation  of  any 
doubtful  species  introduced  into  Mr.  Williamson's  book  on  questionable 
authority  has  been  so  full,  that  I  am  relieved  from  difficulties  I  should 
othendse  have  been  unable  to  surmount  within  the  time  elapsed  since  my 
return  from  the  Shetlands,  and  I  have  little  to  do  except  to  continue  his  work 
up  to  the  present  time. 

Mr.  Williamson  describes  104  species  and  varieties,  of  which  Mr.  Brady 
remarks  that  three  are  most  probably  fossil,  and  that  two  others  have  been 
withdrawn  as  Mediterranean,  introduced  by  accident.  Deducting  these,  there 
remain  99  recent  British  Eoraminifera  known  at  that  time.  Mr.  Brady,  in  his 
Shetland  list,  gives  92  of  those,  and  adds  19  new  forms,  making  1 11  in  that 
district,  and  118  in  Britain.  Mr.  Brady,  in  vol.  i.  of  the  Natural  History 
Transactions  of  Northumberland  and  Durham,  describes  from  those  coasts  G 
Foraminifera  new  to  Britain ;  and  in  his  report  to  this  Ajssociation  on  the 
Foraminifera  of  the  Hebrides  as  resulting  from  Mr.  Jeflreys's  dredging  in 
1866,  he  gives  eleven  more  species,  and  I  now  add  from  the  Shetlands  one 
more  new  to  Britain,  raising  its  list  to  136.  I  have  also  found  four  of  the 
new  Durham  species  in  dredgings  of  1864,  but  too  late  for  Mr.  Brady's  pub- 
lications, and  in  the  present  year's  examinations  three  of  the  new  forms  of 
the  Hebrides  and  two  of  Mr.  Williamson's  not  before  noted,  thus  bringing  up 
the  Shetland  list  to  121,  or  within  15  of  the  whole  British  forms. 

That  of  those  136  species  or  varieties  from  the  entire  range  of  the  British 
coasts  so  large  a  proportion  as  121  should  be  found  in  a  limited  district  at 
one  extremity  of  the  empire,  is  a  result  which  1  believe  could  scarcely  be  ob- 
tained in  any  other  department  of  natural  history ;  and  it  may,  perhaps,  be 
no  unfair  conclusion,  from  this  and  their  bathymetrical  conditions,  that  slight 
changes  of  climate  have  Uttie  influence  on  those  low  forms  of  life,  while  depth 
of  water  has  greater  power  of  limitation,  some  species  being  only  known 
close  to  the  shore  or  in  very  shallow  water,  while  in  the  great  depths  are  found 
only  a  few  and  different  forms.  It  is,  however,  true  that  by  the  advance 
northward  the  Shetiand  Foraminifera  approach  more  nearly  to  the  Norwegian 
species  and  varieties  than  do  those  of  the  southern  parts  of  England  and 
Ireland. 

I  have  many  specimens  from  this  year's  dredgings  which  will  require 
considerable  time  to  work  out  satisfactorily.  Some  of  them  have  been  kindly 
examined  by  Mr.  Bupert  Jones,  and  I  hope  for  his  further  assistance ;  and  I 
expect  that,  in  conjunction  with  Mr.  Brady,  I  may  be  able,  at  no  distant  time, 
to  have  them  fully  described  and  figured.  There  are  new  forms  of  Biloctdina^ 
Oatidryina,  DimorpMna,  Comiispira  and,  I  believe,  Poly tr etna,  which  will 
afford  considerable  additions  to  our  known  species,  and,  1  think,  prove  that 
our  Shetiand  dredgings  have  given  satisfactory  results  in  this  branch  of  our 
fauna. 


ON  THE  SHETLA.ND  FORAMINIFERA. 

SUBKINGDOM      PROTOZOA 
Class  RHIZOPODA. 
Order  BETICULATA. 
(Foraminifera.) 

Suborder    Imfsrfobata. 
Eftmily  Miliouda. 
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Cbners,  Speoiet,  ftnd 
TaneUes. 


t  •  •  •  • 


CoBNUSPiRA,  SchuUze. 

foliacea;  Philipm 
BiLocuuNA,  D^Orh, 

lingena^  Lamk. 

depreasa,  B'Orh 

elongata^  D^Orh,    .... 

Bphaarft,  UOrb,  ...... 

coDtraria^  D'Orh 

Spiboloculina,  jyOrb.  , . 

limbata,  UOrh 

planulata,  Lanik 

canaliculata,  jyOrh,  . . 

excavata,  jyOrh,    . . . . 
TBILOCUI.INA,  nOrh, 

trigonula,  Lamk 

oblon^^  Montaffu  .... 

tricannata,  IXOrb 

QUIXQUELOCULINA,  D'Orb, 

aeminulum,  Linn 

subrotunda,  Montaffu, . 
bicomis,  W.^J,    .... 

secans,  D^Orb 

Ferussacii,  D'Orb 

pttlcbella,i>' Or6. 


t  •  • « 


Baferenoes  to  Williamson^s  '  Monograph.' 


Names. 
Spinlliiia  foliacea  . . . . 


fiiloculina  riagens 


var.  carinata  .... 
var.  Patagonica. . 


Spiroloculina  depressa 


ft 


n 


yar.  rotundata 
var.  cymbium 


Miliolina  trigonula    

Miliolina  seminulum,  var.  oblonga  . . 


iniliolina  seminulum  . . 


Miliolina  bicomia  , 

yy        seminuluni;  var.  disciformis 
y,        bicornia,  var.  angulata  . . . . 


Tbochammixa,  P,  8f  J, 

incerta,  D^Orb 

infiata^  Montaffu 

Lit  UCLA. 

scorpiurus,  Montfort  . . 

Oanariensis,  UOrb.  . . 
Valvulina,  lyOrb, 

Austriaca,  D^Orb,  .... 


Family  Lituolida, 


Spirillina  arenacea. 
Kotalina  inflata  . . , 


Nonioniiia  Jeffirejsii 
Hotalina  fosca   . . , . 


Suborder  Perforata. 


Laoena,  Walker, 
sulcata,  W  8fJ. 

Isevis,  Montoffu 
striatal  Montoffu, 


I 


Pamily  Lagenida. 

Lagena  vulgaris,  var.  striata. ....... 

„  „        var.  interrupta  .... 

ff  f,        var.  perlucida;  parte 

Entosoleaia  costata    

Lagena  vulgaris 

„  ,,      var.  clavata 

Lagena  vulgaris,  var.  gracilis   

„  „        var.  substriata  .... 


Figures. 
199-201. 

169-171. 
172-174. 
176&176. 


177. 
178. 
179. 


180-182. 
186&  187. 


183-185. 

i96-i94.' 
188  &  189, 
190. 


203. 
93  &  94. 


72  &  73. 
114&116. 


10. 

11. 

8. 

18. 

5&oa. 

0. 

12  &  13. 

14. 
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Family  Nummulikida, 


Qenera,  Species,  and 
VAFieties. 


NtTMMULINA,  D'Ofh, 

radiata, /:  «S- ^. 

Opkrc ULlNA,  D'Ori. 

ainmonoideB,  Qrtm,    . . 

P0LY8T0MKI,LA. 

criapiiy  Linn 

atriato-punctnta,  P.^'iir.  j 

arctica,  P.^-J»    

NONIONINA,  D'Oi^ 
.    .  tuFflfida,  WiiL  ........ 

iimbilicatula,  Montagu, 

depreesiila^  W^SfJ,    . .  j 


scapha,  F.  8c  M. 
8teIligera,D'Or6. 


References  to  Williamson  b  •  Monograph.' 


Names.   . 
Nummulina  planatula   . . , 

Nomonina  elegans  ....... 

Poly  stem  ella  crispa    .... 
Polystomella  umbiHoatula 


Polystomella 


j^ 


var»  incerta 


Rotalina  turgida 
Nouioniua  Barleeana 


Nonionina  urabilicatula,  p.  07  . , , . ) 
Nonioniiia  crassula,  p.  33 ( 


76^77, 
74&75. 

7a-«o. 

81&82. 
830. 


70&71. 

•  ••■•• .. 


Appendlv  to  the  Fai&th  Report  on  Dred^ng  among  the  Shedand  hlet,  Addi- 

turns  to  .the  British  Fauna.  By  Dr.  Albert  GtWTHBR,  F.B^. 
Although  we  are  very  well  acquainted  with  the  maiine  fishes  inhaWtingthe 
shores  of  Great  Britain  and  Ireland,  our  knowledge  of  the  pelagic  and  deep- 
sea  forms  is  extremely  scanty.  Of  the  Dealfish  (Trachypterus  arettcus)  a 
flgh  by  no  means  uncommon  in  the  northern  and  eastern  seas  of  Scotland,  1 
have  never  seen  a  British  example  in  a  good  state  of  preservation.  Now  and 
then  after  the  gales  of  the  vernal  equinox,  a  mutilated  specimen  of  the 
Bibbonfish  (Bsnaheus  Banhsii)  is  drifted  ashore,  rarely  to  fall  mto  the 
hands  of  a  naturalist,  generally  to  be  cut  up  as  bait  for  ^e  lob"ter-pot. 
The  British  species  of  Leptocephaltes  is  not  better  known  than  the  allied  forms 
from  the  Mediterranean  and  tropical  seas.  Others,  like  Centroh^us,  sre 
known  from  single  examples  only.  Their  development,  as  weU  as  that  *f 
many  of  the  more  common  forms  which  spawn  in  the  open  or  deep  sea,  is 

perfectly  unknown.  ./.,■«  j^.  ,  * 

In  seeking  information  concerning  this  part  of  the  British  fauna,  we  are 
not  hunting  after  a  shadow :  there  is  evidence  enough  to  show  that  the 
depths  of  the  British  seas  are  inhabiled  by  a  fish-feuna  very  different  from 
that  of  the  coasts,  and  that  this  fauna  is  composed  of  two  elemente--first,  of 
those  which  may  be  regarded  as  indigenous,  and,  secondly,  of  such  forms  as 
are  frequently,  perhaps  constantiy,  carried  by  currents  from  more  southern 
parts  of  the  AUantic  northwards,  even  to  the  coasts,  of  Norway  (^ntoinoritw, 
Batrathus,  Beryai)^not  to  mention  those  .fishes  which  by  their  strong  power 
of  svnmming  are  enabled  to  reach  our  shores  in  their  migrations,  as  Ausonta, 
The  causes  of  our  incomplete  knowledge  of  these  fishes  are  evident:  zoo- 
logists were  either  not  aware  of  the  existence  of  such  a  fauna    or  satisfied 
with  the  stray  specimens  thrown  in  tbeir  way  by  accident;  while  the  diffi- 
culties surrounding  the  examination  of  the  deep-sea  fishes  are  so  great  as  to 
render  all  progress  in  attaining  to  a  knowledge  pf  «jeni  extrwdy  slow. 
Still  it  may  be  hoped  that,  after  the  attention  of  naturalista  has  been  directed 
to  the  subject,  no  opportunity  will  be  lost  of  advancing  it. 
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Such  an  opportunity  occurred  to  Mr.  J.  Gwyn  Je£&eys,  who,  dunng  his  ex- 
ploration of  the  marine  invertebrate  fauna  of  the  Shetland  IslandB,  preserved  the 
specimens  of  fiahes  which  wore  brought  up  in  the  dredge  from  a  depth  of  from 
80  to  00  fathoms.  Small  as  the  number  of  specimens  is,  the  result  of  their 
examination  proved  to  be  most  interesting  and  satisfactory,  inasmuch  as  they 
belong  to  four  species  new  to  the  British  fauna,  two  being  new  to  science, 
viz.  Ammodytes  siciUtis  (Swains.),  Motella  macrophihcdma  (sp.  n.),  CaMwwy" 
mus  maculattis  (Bonap.),  and  Oobitis  Jeffrey m  (sp.  n.).  On  former  occa- 
sions  I  have  pointed  out  that  the  geographical  range  of  deep-sea  fishes 
appears  to  be  extended  in  proportion  to  the  vertical  depth  inhabited  by  them, 
and  that  they  are  either  distinguished  by  an  increased  size  of  the  eye  to  col- 
lect as  many  rays  of  light  as  possible,  or  by  a  rudimentary  condition  of  that 
organ,  as  is  the  case  with  fishes  inhabiting  caves.  This  is  in  some  measure 
verified  by  the  species  collected  by  Mr.  Jefireys,  which,  however,  it  must  be 
remembered,  inhabit  a  much  less  depth  than  Begalecus,  Plagyodus,  &c.  Two 
of  them  (CaUionymus  maculattis  and  Ammodytes  siculus)  were  previously 
known  as  occurring  in  the  Mediterranean ;  and  the  eyes  of  three  of  them 
are  conspicuously  larger  than  in  their  congeners  (Ammodytes  lancea,  CaUio^ 
nymus  lyra,  and  Motella  trich^ata), 

1.  Ammodytes  sieulus  (Swains.). 

(Smooth  Sand-Launce.) 

This  species  was  hitherto  ktt!)wn  from  Sicily  only.  For  description  see 
Giinth.  Fish.  iv.  p.  386. 

2.  Motella  macrophthalma, 
(Large-eyed  Eockling.) 

Gunth.  Ann.  &  Mag.  Nat.  Hist.  1867,  vol.  xx.  p.  290,  pi.  5.  fig.  B. 

This  species  has  three  barbels,  one  at  each  of  the  anterior  nostnls  and  one 
at  the  chin.  It  is  distinguished  from  specimens  of  the  same  sise  of  the 
other  three-bearded  species  by  its  large  eye,  the  diameter  of  which,  in  the 
specimen  obtained,  is  as  long  as  the  snout,  one-fourth  of  the  length  of  the 
head,  and  much  longer  than  the  width  of  the  interorbital  space.  The  teeth 
of  the  mandible  are  very  unequal  in  size,  some  being  canine-like.  The  ante- 
rior ray  of  the  rudimentary  first  dorsal  fin  is  about  as  long  as  the  eye.  D.  55. 
A.  55.     Back  with  narrow  brownish  cross  bars. 

Three  inches  long. 

The  figure  quoted  represents  the  specimen  of  the  natural  size.  For  the  sake 
of  comparison  the  figure  of  the  head  of  Motella  tricirrata  (B')has  been  added. 

3.  CaUionymus  maculattis,  Bonap. 
(The  Southern  Dragonet.) 

Giinth.  I,  e.  p.  290,  pi.  5.  fig.  A. 

This  species  is  common  in  the  Mediterranean ;  but  it  has  been  also  oh** 
served  on  the  coast  of  Norway.  It  is  easily  recognized  by  the  shortness  of 
tlic  snout  relatively  to  the  diameter  of  the  eye. 

4.   Qohius  Jeffreysii, 
D.  6  I  10.     A.  9.     L.  lat,  30. 
Giinth.  ?.  c.  p.  290,  pi.  5.  fig.  C. 

Body  as  deep  as  broad  anteriorly,  its  greatest  depth  being  one  half  of  the 
length  of  the  head,  which  is  two-sevenths  of  the  total  (without  caudal). 
Head  depressed,  broader  than  high,  its  greatest  width  being  two-thirds  of  its 
length.     Snout  of  moderate  extent;  though  shorter  than  the  eye;  lower  jaw 
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projecting  beyond  the  upper.  Eyes  very  close  together,  large,  their  diame- 
ter being  two-sevenths  of  the  length  of  the  head.  Dorsal  fins  hi^er  thau 
the  body ;  the  second  dorsal  spine  more  or  less  prolonged.  The  pectoral  and 
ventral  fins  reach  equally  far  backwards,  to  the  vent.  A  series  of  five 
rounded  blackish  spots  along  the  lateral  line,  the  last  being  on  the  root  of 
the  caudal  fin.  Dorsal  fins  with  series  of  black  spots;  outer  half  of  the  anal 
blackish.  A  blackish  bar  below  the  eye. 
•  Three  specimens,  two  inches  long. 

The  only  British  species  with  which  this  Goby  might  be  confounded,  and 
to  which  it  is  eviden^y  allied,  is  Oohius  rhodopterus  (Gthr.) ;  however,  this 
latter  species  is  said  to  have  the  interorbital  space  broader,  its  width  being- 
equal  to  one  half  of  the  diameter  of  the  eye  (Cuv.  &  Yal.  xii.  p.  50)  ;  and 
M'Coy,  who  examined  two  Irish  examples,  describes  the  snout  as  "  very- 
short,  tumid,  and  convex,"  which  character  cannot  be  applied  to  O,  Jef- 
freysii. 


Second  Report  of  the  Rainfall  Committee,  consisting  of  J.  Glaishbr^ 
F,R,S.,  Lord  Wrotteslet,  F.JR.S.,  Prof.  Phillips,  F.R.S.,  J.  P. 
Bateman,  F.R.S,,  R.  W.  Mylne,  F.R.S.,  C.  Brooke,  FR.S.,  T. 
Hawksley,  C.E.J  and  G.  J.  Symons,  Secretary. 

YoxjB  Committee  consider  it  will  be  convenient  that  the  present  Report  should 
be  so  arranged  as  readily  to  compare  with  the  previous  one ;  the  different 
branches  of  rainfall  investigation  are  therefore  classed  under  the  same  head- 
ings as  in  the  last  Report,  and  new  branches  are  noticed  subsequently. 

1.  Extraction  and  Classification  of  published  Records. — ^This  very  important 
Work,  which  was  temporarily  suspended  to  allow  of  more  urgent  matters 
being  pressed  on,  has  now  been  resumed,  and  will  bo  steadily  pursued ;  it  may 
be  desirable  to  state  that  its  completion  must  not  be  expected  for  some  few 
years ;  the  labour  involved  is  excessive,  but  time  and  perseverance  will  ensure 
the  accomplisliment  of  the  work,  a  work  not  for  present  use  alone,  but  of  the 
greatest  service  to  all  future  inquirers. 

2.  Examination  of  Rain-gauges. — Steady  progress  has  been  made  in  this 
matter,  Mr.  Symons  having  during  the  year  visited  and  tested  sixty  gauges ; 
fuU  details  of  the  examinations  are  annexed  to  this  Report.  By  reference  to 
the  list  of  stations  in  the  British  Association  Report,  1865,  pp.  192-242,  it 
will  be  seen  that  nearly  every  gauge  in  the  counties  of  Kent  and  Sussex  has 
been  visited  and  tested. 

3.  Inclined  and  Tipping  Funnelled  Gauges. — ^Theso  instruments  were  fully 
described  in  the  last  Report ;  Mr.  Chrimes,  who  kindly  undertook  the  entire 
cost  of  the  erection  and  maintenance  of  these  instruments,  has  continued  the 
observations,  which  it  affords  us  much  pleasure  to  state  will  shortly  be 
examined  by  Professor  Phillips. 

4.  Tnfluetice  of  River  Mists  on  the  Amount  of  Rain  collected, — This  question 
remains  exactly  in  the  same  position  as  at  the  time  of  our  last  Report,  since 
the  following  suggestion,  thrown  out  by  Mr.  Symons  in  *i  British  Rainfall, 
1866,"  p.  7,  has  met  with  no  response,  "  I  feel  rather  beaten  by  these  diffi- 
culties, and  do  not  see  how  to  solve  the  original  proposition  of  determining 
the  influence  of  river  mists  on  the  amount  of  rain  collected,  unless  it  be  by 
transferring  the  Shepperton  gauges  to  some  flat  dry  district,  tolerably  uniform 
in  its  level,  with  a  large  piece  of  ornamental  water,  and  then  the  gauge 
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might  either  be  placed  on  an  island,  if  free  from  trees,  or  float  moored  in  the 
centre  of  a  pond  or  lake.  If  any  observer  can  offer  these  conditions,  I  shall 
gladLjr  place  the  instruments  at  his  service,  as  the  expediency  of  con- 
tinaing  them  in  their  present  state  seems  doubtful.'' 

5.  Additional  Rain-gauges  in  Derbyshire, — The  remarkable  geological 
formation  of  this  beautiful  county  has  specially  marked  it  out  as  a  field  of 
rainfall  research ;  some  valuable  but  fragmentary  observations  were  made  by 
Mr.  Bateman  on  the  rainfall  in  the  neighbourhood  of  the  Peak,  and  observa- 
tions have  long  been  taken  at  Combs  Moss,  Chapel-en-le-Frith,  Woodhead, 
and  other  stations  in  the  N.W.  of  the  county ;  from  1761  to  1813  a  very 
regular  record  was  kept  at  Ghatsworth ;  for  a  quarter  of  a  century  Mr.  Davis 
has  been  observing  with  great  care  at  Derby,  having  been  preceded  in  the 
same  town  by  Mr.  Swanwick,  who  also  observed  for  twenty-five  years  at  the 
begioning  of  the  century.  From  this  it  may  be  inferred  that  the  mean  fall, 
and  the  secular  variation  of  annual  fall,  at  certain  points  in  the  county  are 
pretty  well  determined ;  but  hitherto  we  have  had  little  or  no  information  as 
to  the  relative  fall  in  different  parts  of  the  county,  and  specially  in  that  most 
interesting  district  which  lies  between  Ambergate  and  Eowsley,  having  Mat- 
lock for  its  centre.  Cordially  assisted  by  the  Hon.  and  Eev.  0.  W.  Forester, 
the  Kev.  J.  M.  Mello,  and  Mr.  Davis  of  Derby,  we  have  the  pleasure  of 
noticing  considerable  progress  in  the  investigation  of  this  question.  There 
are  still  deficiencies  in  some  parts  of  the  county  which  we  purpose  bringing 
before  the  residents  so  as  to  render  the  cordon  of  stations  complete. 

6.  Additumcd  Gauges  in  the  Lake-district, — ^The  erection  of  any  more 
rain-gauges  in  the  English  Lakes  may  at  first  sight  appear  superfluous  and 
undesirable,  but  a  little  explanation  will,  we  think,  convince  all  that  their 
organization  by  Mr.  Symons  is  a  most  important  step  in  rainfall  work.  Up 
to  1844  we  bdieve  no  greater  annual  fall  than  90  inches  had  been  recorded 
in  any  part  of  the  British  Isles.  Dr.  Miller,  of  Whitehaven,  planted  a  gauge 
at  Ennerdale  Lake  in  November  1843,  and  yearly  increased  and  varied  hk 
stations  until  the  fall  in  the  valleys  of  Wastdale  and  Borrowdale,  and  *'  Sea* 
thwaite  *'  and  '*  The  Stye,"  became  with  meteorologists  as  well  known  as 
London  or  Dundee.  In  1853  these  were  all  discontinued,  save  those  in 
charge  of  Mr.  Dixon  at  Seathwaite  and  the  Stye.     In  1864  Isaac  Fletcher, 

^sq.,  F.B.S.,  of  Tarn  Bank,  reorganized  the  stations  in  these  valleys,  while 
Bome  of  the  other  valleys  were  taken  charge  of  by  other  observers ;  iius  being 
the  condition  of  affairs  in  Cumberland,  and  Captain  Mathew  having  at  the  same 
time  undertaken  to  investigate  the  fall  of  rain  in  the  Snowdonian  range,  Mr. 
Symons  felt  that  this  was  an  especially  eligible  time  for  examining  if  the 
remarkable  falls*  so  clearly  proved  to  exist  in  the  vicinity  of  Scawfell  extend 
far  therefrom ;  and  for  this  purpose  he  devoted  nearly  two  months  last  autumn 
to  personally  superintending  the  erection  of  gauges  in  parts  of  the  Lake- 
disttict  far  removed  from  the  sites  of  the  other  gauges,  out  of  the  ordinary 
routes  of  tourists,  and,  as  some  would  have  thought,  out  of  the  district  of  re- 
markable rains.  The  results  of  these  observations  will  be  fuUy  noticed  in 
our  next  Beport. 

7.  Percentage  of  Annual  Main  which  falls  Monthly  in  differe^xt  localities *^^ 
Under  the  head  of  <*  Extraction  and  Classification  of  jpttbUshed  Becords/'  we 
have  explained  that  all  available  returns  of  the  fall  of  rain  at  any  time,  and 
in  any  part  of  the  British  Isles,  are  being  carefuUy  collected.  These  returns 
are  tabulated  on  sheets,  whereof  a  facsimile  is  appended  to  this  Eeport,  and 

^  In  1866  the  enormous  fall  of  225  inohea  was  measured  at  the  Stye. 
1867.  2  H 
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of  which  about  300  are  perfectly  filled,  as  is  Table  I.,  and  between  4000 
and  6000  are  in  process  of  filling.    It  must  not  be  supposed  that  this  lai^ge 

Table  1. 

RAINFALL  AT  KENDAL* 

Observer,  S.  Marshall,  Esi^*  Auth(^ty,  W3,  Betum* 

Bain-  /  By  Mt\  Marshall. 
gauge.  \  Diameter,  8  in.    Height  above  Ground)  4  ftt  6  in^    Abore  Mean  Sea-leyel)  149  ft. 


Year   

1830. 

X83I. 

1832.1  1833. 

1834. 

1835. 

1836. 

1837. 
3^43 

1838. 

1839. 

Means. 

January  ... 

•43 

X'62 

2*28 

163 
4-58 

1476 

5*35 

3*94 

171 

5*3* 

4-047 

February .;. 

477 

8-21 

4*6 

572 

8*82 

392 

^'H 

x-oi 

574 

5287 

March 

505 

603 

3*55 

2*07 

5*17 

5-05 

6-34 

x-oS 
r6i 

4-00 

6*07 

4531 

April  

May    

566 

2^44 

2*23 

375 

i'04 

1-59 

2*84 

295 

x-26 

*'537 

2-83 

72 

x*6o 

a*53 

1-64 

3 '06 

•05 

I'20 

2-13 

7» 

t^47 

June   ..»k.. 

5-29 

2-68 

4-64    77* 

670 

1-25 

8 'CO 

3-61 

1-89 

3'«> 

458^ 

July    ..,*t» 

496 

4*08 

»-64 

2*23 

5-05 

6*26 

9-05 

473 

6-07 

8-46 

5*353 

August    . . . 

4*22 
8*03 

390 

4*43 

197 

6-17 

3-11 

376 

3'" 

763 

7-28 

4-558 

September . 

6-39 

2*30 

3*53 

4-91 

7-8i 

590 

4'i8 

27X 

7*44 

5320 

October  ... 

4-69 

ir8i 

«-35 

375 

472 

4*39 

3 '97 

5'3a 

7-03 

3-30 

5733 

November . 

X0'02 

8-56 

5-37 

7-44 

4-21 

6*31 

8-OI 

6*18 

403 

435 

6-44» 

December.. 

2'o8 

498 

8*04 

14*22 

5*05 

2-89 

8-55 

7 -20 

3'S8 

4*94 

€153 

Totals  ... 

58*03    61*42 

4969 

55-4a 

65-14 

55-89 

64-33 

48-39 

4574 

56*202 

proportion  of  incomplete  sheets  implies  imperfect  regiiaters>  such  is  not  the 
ciuse  \  the  appearance  depends  on  the  fact  that,  for  facility  of  reference  and 
entry,  it  was  necessary  to  make  all  the  forms  commence  With  some  uniform 
date,  and  as  the  observations  were  of  course  commenced  in  various  years, 
there  thus  (temporarily)  appear  to  be  far  more  fragmentary  registers  than 
there  really  are.  The  register  sheets,  it  will  be  seen,  are  to  a  considerable 
extent  self-proving,  while  the  decennial  period  possesses  advantages  wMch 
are  self-evident.  These  sheets  form  the  basis  of  the  investigation  now  to 
be  described.  It  will  be  seen  that  the  last  column  in  the  register  sheet  gives 
the  mean  fall  in  the  month  and  in  the  year ;  the  former  divided  by  the  latter 
(the  decimal  being  of  course  shifted)  gives  the  percentage,  of  tlie  yearly- 
amount,  which  fell  in  each  month.    The  computations  are  at  present  only 

Table  II. — ^Monthly  Percentage  of  Mean  Annual  Kainfall,  Englandi 

in  the  years  1850-69. 


Mean 

Annual 

Fall  from 

15  in. 

to 
20  in. 

20  in. 

to 
25  in. 

25  in. 

to 
30  in. 

30  in. 

to 
35  in. 

35  in. 

to 
40  in. 

. 
40  in. 

to 
45  in. 

45  in. 

to 
50  in. 

50  in. 

to 
60  in. 

AbOTto 
60  in. 

Mean  of 

all^ 
Stations. 

January... 
February.. 
March    . . . 

April  

May    

June  

July    

August   . . . 
September. 
October  ... 
Norember. 
December.. 

77 

47 

5*3 
6-9 

7-3 
87 

ix'8 

9'3 
107 

6-3 

8-0 
4-9 
^? 
7-9 

xx-6 
10*6 

1I-8 
6-3 

8-8 

5-0 
5*4 
7-2 

7*5 
8-1 

IO-2 
X2'6 

9-0 
77 

9-4 

59 

57 
7-2 

6-4 

8-3 
87 

93 
8*8 

X2-I 

91 
9' 

6-5 
6-6 

60 

8-4 

8-3 

f9 

8-3 

xi*8 

8-8 
9-2 

ix'4 

7-3 
6-6 

6-8 

5-9 

77 

77 
8-6 

7-6 

10-9 

92 

10*3 

9'3 

77 

5'l 
50 
4*9 
9-4 

94 
xo-9 

8*6 

ko'9 

87 
9*3 

1 1-8 

6*1 

«-5 
5-5 
7*5 

U 

%'i 
107 

90 
110 

14*0 
94 

5-« 
4** 

6-4 

70 

91 

71 
9.9 

**? 

X2'6 

10*08 
6-52 

6*64 
6'I7 
8*18 

9*22 

9-73 
8*41 

tx-27 

889 

9-X0 

Stations  ...      4 

29 

28        xo 

1 

6 

4 

2 

3 

3 

89 
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complete  for  England  and  for  the  ten  years  1850-69  inclusive.  The  results 
are  so  striking  and  seem  likely  to  have  such  an  important  hearing  on  ques- 
tions of  water  supply,  and  (prohahly  to  a  less  extent)  on  agricultural  matters, 
that  we  think  it  would  he  wrong  to  suppress  them  hecause  we  hope  to  report 
fully  on  the  suhject  next  year,  and  that  we  shall  hest  discharge  our  duty  hy 
reporting  the  facts  which  have  heen  ascertained,  hut  prefixing  the  caution 
that  although  these  deductions  are  hased  on  daily  ohservations  for  ten  years 
at  each  of  ninety  stations,  yet  that  this  apparently  firm  basis  is  by  no  means 
unassailable ;  the  laws  that  hold  good  in  one  ten  years  may  not  be  so  mark- 
edly confirmed  by  other  ten  years,  and  those  which  hold  south  of  the  Tweed 
may  be  reversed  or  modified  in  the  sister  countries.  Table  II.  indicates  the 
results  at  present  obtained. 

8.  Approximate  Detemiination  of  the  Height  of  Bain-gauge  Stations  above 
Sea-levd, — ^There  having  been  very  many  stations  (perhaps  600  out  of  a 
total  of  1600)  the  altitude  of  which  above  the  mean  level  of  the  sea  was  un- 
known, considerable  attention  has  been  given  to  the  determination  of  this 
important  element.     Before  noticing  the  steps  we  have  recently  taken,  it 
may  bo  well  to  state  briefly  what  is  meant  by  the  apparently  simple  term 
"  height  above  mean  sea-level,"  and  to  what  extent  this  information  is  ob- 
tainable.    "  Mean  sea-level,"  otherwise  called  "  Ordnance  Datum,"  is  the 
mean  height  of  the  sea  as  recorded  by  the  tide-gauge  erected  at  Liverpool  by 
the  Ordnance  Survey  Department,  and  it  is  the  zero  from  which  all  their 
altitudes  are  measured.     The  altitudes  determined  by  the  Ordnance  Depart- 
ment Jiave  been  published  in  two  forms — (1)  in  works  entitled  "  Abstracts  of 
Spirit  Levelling  in  England  and  Wales,  Scotland  and  Ireland,"  wherein,  as 
the  title  implies,  are  given  the  heights  of  certain  marks,  called  Benchmarks, 
(/I\)  cut  on  milestones  and  other  permanent  objects  along  some  of  the 
principal  roads  in  the  British  Isles ;  (2)  in  the  maps  on  the  6-inch  (and  now 
on  some  of  the  1-inch)  scale  the  altitude  of  many  points  are  given,  and 
contour  lines  are  abo  marked.     This  excellent  system  being  in  operation,  it 
may  be  asked  why  this  Committee  have  done  anything  in  the  matter ;  the 
reply  is  very  simple  and,  we  think,  conclusive.     We  have  not  attempted  in 
any  way  to  supplant  or  encroach  on  the  functions  of  the  Ordnance  Depart- 
ment ;  but  we  have  called  the  attention  of  our  observers  to  the  benefit  de- 
rivable from  levelling  to  the  nearest  marks,  sometimes  on  their  own  lodge- 
gates,  yet  unknown  to  them.    In  this  way  we  have  endeavoured  to  popularize 
and  extend  the  benefits  conferred  by  these  government  levels.    But  there  are 
many  places  ten,  fifteen,  or  more  miles  firom  the  nearest  benchmark,  and  for 
the  benefit  of  observers  thus  situate,  the  following  arrangements  were  made» 
Notice  was  sent  to  about  800  rainfall  observers  that  they  would  be  doing 
good  service  by  taking  careful  readings  of  their  barometers  thrice  daily  (9  a.m., 
3  P.M.,  and  9  p.m.)  for  ten  days,  May  24th  to  June  2nd,  1867,  entering  them 
on  a  printed  form  sent  with  the  notice,  and  when  filled  returning  tiie  same  to 
Mr.  Symons.     These  documents  were  then  sorted  into  two  groups,  the  one 
comprising  only  returns  from  stations  at  which  the  index-error  of  the  baro- 
meter and  its  height  above  the  mean  level  of  the  sea  were  known,  and  the 
other  group  comprising  those  stations  of  which  the  height  was  unknown. 
The  returns  having  been  carefully  cleared  of  all  errors,  intercomparison  of  the 
ultimate  results  has  given  us  a  secondary  series  of  altitudes  probably  correct 
to  10  or  20  feet,  being  accurate  enough  for,  all  rainfall  purposes,  these  being 
also  available  as  primary  stations  should  a  repetition  of  the  process  be 
neceasary  at  any  future  time. 

2h2 


452 


REPOET— 1867. 


EXAMINATION  OJ 


167. 


168. 


169. 


170. 


171, 


1866. 
Aog.  16, 


Aug.  28. 


Aug.  31. 


Sept.  18. 


Sept.  18 


172.  Sept.  19, 


173. 


174. 


175 


Sept  19. 


Sept.  24. 


County. 


Cumberland 


Name  of  station,  owner,  and 
observer. 


Nottingham 


Borrowdale,   SeatUwaite,   Mrs. 
Abberley. 


Nottingham,  Welford  Bridge, 
B.  W .  Mylne,  Esq. 


Derby Cliapel-en-le-Frith, M. S.&L.II. 


Cumberland  Derwent  Island^  H.  C .  Marnhall , 

Esq. 


Cumberland 


Cumberland 


Keswick,    Crow    Park,   H.  C. 
Martdiall,  Esq. 


Borrowdale,    Seathwaite,    I. 
Fletcher,  Esq.,  F.R.S.,  Mrs. 
Abberley. 


Cumberland 


Xeswick,   Greta  Bank,   T.   S. 
Spedding,  Esq. 


Westmoreland  . . .;  Patterdale,  W.  Marshall,  Esq. . . . 


Sept.  24.  Westmoreland  ...  Greenside,  Stang  End,  W.  Mar- 
shall, Esq.,  J.  Bamingham. 


c 

o 

6^ 


ni. 


vin. 


Ill 


XII. 


See 

page 

46G. 


in. 


XII. 


XII. 


Maker's  name. 


Potter    , 


o 


^ 


Negretti&Zambra  9  a.i 


Caaartelli 


9aji 


Casella 


9a.xi 


Casella 


Cooke 


Dixcy 


mont] 


montl 


Iv. 


Casella   .... 


weckl 


Casella 


a.in 
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MIN-GAUGES. 


Hn^of 


Above 


ICVQ* 


I*  in. 

1 1    o  i    4z% 


s    4         90 


:    6 


965 


I   o  ,    240 


1   9 


s    S 


0    6 


I    6 


260 


421 


377 


490 


1550 


in. 

496 
S'oa 
5'oo 
M  5'oo5 

8'oo 
8'oo 

7-98 
8'oo 
M  7995 


8*48 

8-49 
8*50 

8*48 
M  8*488 
501 

4-98 
5'oi 
5'oo 
M5'oo3 

695 
7*oo 
7*oi 
697 
H  6-985 

4-03 
403 

4*02 

M  4*027 


5-04 
5 '02 

5*03 

M  5-035 
7'oo 
699 
7-01 
7-00 

M  7'ooo 


7-03 
697 
7*oi 

M  7'ooo 


Eqniraleiits  of 
water. 


Boae- 
point 


in. 
*i 
•2 

•3 
•4 

•5 

•I 
•2 

'3 
•4 
•5 


•I 

•2 

•3 
•4 

•I 

'2 

3 
•4 
•5 

*i 
•2 

•3 

•4 

•5 
•I 

•5 

I'O 


•I 
•2 

•3 

•4 

•5 
•I 

•2 

•3 
•4 
•5 


•OS 
•10 

•20 
•50 


Chtdiu. 


510 
1020 
1500 
1950 
2480 

1260 
2540 

3790 
5060 

6350 


1460 
2870 
4280 
5630 

496 

990 

1500 

1990 

2480 

lOIO 

2000 
3000 

3950 
4950 

320 

1585 

3160 


530 

1050 

2010 
2500 
1000 

1950 

3C00 
3900 

4900 

580 
IC90 
2000 
25CO 

4900 


Error  at 

scale-point, 

specified  in 

previous 

column. 


—•002 
—•005 

—  •002 

—  •007 

—  •001 

+•001 
correct 
+•001 
4- 'ooi 
-f'ooi 


—  *002 

—  •001 

correct 
+  •006 

correct 
-f*ooi 

—  *C02 

—  •001 
correct 

—  •004 
— -C07 

—  •010 
— *oo8 

—  •oil 
+'ooi 
+•008 
+  018 


— -005 

—  •009 

—  •003 
correct 
-f--oo3 
—•003 

—  •001 

—  •009 

—  •CO  I 

—  •004 


—  •010 

—  •012 
— -ocd 
— -C07 

—  •004 


Bemarks  on  position,  &c. 


Gau^  was  tested  in  1862  (fee  No.  8)  and 
the  funnel  remains  unaltered ;  but  the 
elass  had  been  broken  and  a  new  one 
(rather  incorrect)  supplied.  [This  has 
been  in  turn  supplanted  hy  another 
perfectly  accurate  one. — Not.  1866.1 

In  railed  enclosure,  about  5ft.  6in.  high 
and  6  fl.  square.  Mr.  Mylne  ordei^ 
it  to  be  cut  down  to  2  ft.,  the  position 
will  then  be  unexoeptionAble,  just 
above  the  level  of  the  hiffhest  floods 
in  the  Trent,  from  which  it  is  onlj 
200  yards  distant. 

Clear  open  position,  on  the  slope  of  a 
hill  just  above  the  top  of  the  inclined 
plane. 


The  island  is  so  thickly  wooded  no  very 
open  spot  can  be  found ;  when  visited 
there  were  some  flowers  3  ft.  high, 
2  fl.  S.E.  of  the  gauge,  and  a  tree  60  ft. 
high  about  40  ft  S.  W. ;  the  results 
are  checked  by  No.  171. 

On  the  circular  knoll,  formerly  known 
as  the  racecourse  an  exposed  position 
quite  clear  of  trees.  A  number  IX. 
gauge  is  in  the  same  railed  enclosure 
with  this  gauge,  and  both  are  read. 

Placed  close  to  No.  8  for  comparison 
therewith.  Gauee  identical  with 
those  placed  by  Mr,  Fletcher  at 


ft. 

Sc&wfell  Pike  ...  8200 

Esk  Hause  2.S50 

Great  End   2982 

Waadale  Head...    247 
Brant  Bi(*g  695 

In  flower-garden, 


SpxinkliDg 
Mooedale  . 


ft. 
Tarn  10S5 

624 

StyehcadTam...  1472 

The  Stye  1077 

Stonetnwaite  ...    390 

and 


quite  bedded 
in  geraniums ;  aakod  tliat  it  might  be 
moved  to  a  clearer  spot.  There  was 
also  a  tree  60  ft.  high  about  40  ft. 
distant  in  E. 

In  railed  enclosure  in  a  field  at  the 
head  of  UUswater,  a  capital  open 
position.  A  number  IX.  gauge  nas 
oeen  in  the  same  enclosure  for  some 
vears,  but  I  could  not  learn  how  long 
it  had  been  given  up ;  it  was  not  in 
us©  when  visited. 

On  a  shelf-like  ledge  of  rock,  quite  over- 
hung by  other  rocks ;  a  bad  position. 
i?cale-point  equivalpnts  not  certain  ; 
it  was  raining  hard  and  blowing  a 
gale,  so  that  it  was  not  easy  to  hold 


I 


167. 


168. 


169. 


170. 


171. 


173. 


174. 


175. 
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EXAMINATION 


176. 


177 


178. 


179 


tSo. 


181. 


181. 


P  i 


1866. 


Sept  »5. 


Oumberland 


Sept.  s6. 


Oct.     5. 


County. 


CttmberUnd 


Weetmoroland  .. 


Oct.     5. 


Oct.     8. 


Oct.    16. 


Oct   18. 


Lancaahire. 


Wefttmoreland  ... 


Weatmoreland  ... 


York 


183.  Oct    18.'  Westmoreland 


184. 


Oct.    19.  Westmoreland  ... 


Name  of  atation,  owner,  and 
obeerver. 


Ullswater,  Hallsteads,  A.  Mar- 
ahall,  Esq. 


Ullavater,   Watermillock,  W. 
Marshall,  Esq. 


Ambleside,  Loughrigg,  E.  B.  W. 
Balme,  Esq. 


Coniston,  B.  J.  Bywater,  Esq. 


Troutbeok,  The  Howe,  Admiral 
Wilson. 


Lowther  Castle,  Earl  Lonsdale. 


York,  Coney  Street,  Mr.  Sigs- 
worth. 


Penrith,  Great  Strickland,  H. 
H.  Plommer,  Esq. 


Penrith,  Brouriiam  Hall.  Lord 
Brougham.  Mr.  Campbell. 


IX. 


DL 


XX. 


vm. 


a  name. 


MarBball&  Co...  m 


Manhall&Co...  r 


N^egrctti&ZsBifara  ^i 


NflKi«tli4ZsBibn 


Manhall,  Kenda: 


in. 


PaatoraUi 


>.• 


CoolEe. 


XI.   .Ne^retdAZiKbrf 


n. 
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RAIN-GAXTGES  (tonHnued). 


Height  of 

EqaiYBlentfl  of 

Error  at 

gauge. 

III 

water. 

scale-point, 

speoined  in 

previous 

A^*»«     ^* 

Bc«l6- 

OT&infl. 

|niiiii4« 

level. 

«           J^ 

poiQt. 

\Jt  M  W9mmMWWM 

column. 

k.  in. 

feet 

in. 

in. 

A.     6 

1       At%r% 

999 

♦     **   ;      -ry 

1 

lo-oo 

lO'OO 

I0'0« 

1 

M  I0'002 

4    8 

7»o 

10*02 

. 

lO'OO 

1 

998 

lO'OO 

1 

M  lo'oo 

0    6       553 

7*97 

•I 

1300 

—•002 

8'oi 

*2 

2620 

—  •006 

8-01 

•3 

3800 

+  *OOI 

800 

•4 

5080 

correct 

M  8-000 

•5 

6370 

—  •002 

;i    o|     »87 

498 

01 

50 

correct 

1 

5-03 

•10 

500 

—  *OOI 

5*oo 

•20 

1000 

—  •001 

5-02 

•30 

1490 

correct 

M  5*007 

•40 

1980 

-j-'002 

1 

•50 

2480 

-j-'OOI 

^  I    6       470 

8-03 

01 

I  10 

4- •001 

1 

799 

•I 

1254 

-f-'ooi 

800 

•2 

2520 

-f'OOl 

7*97 

•3 

3800 

correct 

^  '     « 

M  7-998 

3    6       810 

8-02 

•I 

1290 

—  •002 

8-03 

•2 

2560 

—  •002 

; 

7'97 

•3 

3880 

—  •006 

7*94 

•4 

5100 

—•003 

M  7990 

•5 

6430 

—  •008 

■?   b 

40 

4*98 

•I 

500 

—  •001 

5-05 

•2 

xooo 

—  •CO  I 

501 

•3 

1490 

correct 

1 

,,  4*97 

•4 

1990 

—  •001 

1 

M  5*003 

•5 

2490 

—  •002 

I   0       650 

5-03 

•I 

500 

—  *ooi 

4-98 

•2 

1000 

—  *OOI 

5-02 

•3 

1490 

correct 

5-00 

*4 

1980 

-|-'002 

M  5 -008 

•5 

2490 

—•001 

4   6 

^18 

12*00 

T       »•                -i 

I2'08 

12*02 

I2'IO 

L. L 

M  12*005 

Remarks  on  position,  &a 


the  glasses  steady,  and  there  was  no- 
thing to  set  them  down  upon. 
In  a  largd  open  field,  railea  in  and  in 
all  respects  well  placed. 


In  ^rden  S.E.  of  the  house  and  suffi- 
cientlj  exposed.  A  few  trees,  but  not 
high  ones. 


On  the  lawn  quite  exposed.  The  posi- 
tion is  somewhat  unusual,  the  hill 
dropping  rapidly  to  E.,  W.,  and  S. 
from  the  small  plateau  on  which  the 
gauge  is  placed. 

On  edge  of  lawn,  east  side  of  Coniston 
Water,  about  one  mile  from  its  head. 
Ground  rises  gently  to  the  east  of 
the  gauge.    No  trees  near. 


On  the  south  side  of  the  valley,  i  of 
a  mile  W.  of  Troutbeck  Church; 
the  house  is  40  or  50  fV.  S.  of  the 
gauge,  which  is  on  the  lawn  sloping 
to  the  beck. 

On  a  post  in  the  kitchen-garden,  clear 
of  obstructions,  save  perhaps  a  few 
trees.  There  was  no  inside  can  to 
this  gauge,  and  the  water  running 
about  the  large  vessel  would  doub^ 
less  be  always  diminished  by  evapo- 
ration and  the  difficulty  of  pouring 
out  without  occasional  spilling. 

Ghiuge  fastened  to  a  wall  close  to,  and 
i)0  ft.  above,  the  river  Ouse.  Bather 
sheltered  in  the  N.  by  the  houses. 


Gauge  on  lawn  well  placed,  and  clear 
of  all  obstacles. 


The  diameter  of  lesser  tube  at  top  was 
4"0iin.,  and  the  scale  (where  perfect) 
gave  about  11-3  in.  for  each  in.,  there- 
iore  the  gauge  was  probably  correct 
when  new,  but  it  is  very  old,  and  the 
cylinder  has  been  repeatedly  burst 
by  frost  and  soldered  up  again ;  the 
rod  has  also  been  broken  and  spliced, 


l§ 


176. 


177. 


178. 


179- 


180. 


z8i. 


182. 


183. 


184. 
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H 


185. 


186. 


•si 

5.1 


& 


1866. 


Oct.   20. 


Dec.     4. 


County. 


CumberlAnd 


187.  Deo.     4* 


188. 


189. 


190 


Deo.    6. 


Dec.     6.  Sussex 


Sussex 


Susjjex 


Sussex 


191, 


192. 


«93 


j/ec«     7» 


Dec.     7. 


Dec.     7. 


1867. 
May  29. 


Sussex 


Sussex 


Sussex 


194.  May  30. 


Sussex 


Sussex 


^tane  of  station,  owner,  and 
obseirer. 


Penrith,  Edenhall,  Mr.  Bow- 
stead. 


Buxted  Park,   CoL  Haroourt, 
Mr.  HuggiUe. 


§ 


in. 


IV. 


Uckfield  Obeerratory,  C.  L.        IV. 
Prince,  Esq. 


Maresfield,  Forest  Lodge,  Capt 
Noble. 


Maresfield,  The  Bectory,  Ber. 
£.  Turner. 


Uckfield,    Moulsey  Ooro,  F. 
Brodie,  Esq. 


Newick,  Ketches,  Miss  Shifner . . . 


X. 


Maikfli't  name. 


. 


Iftfwminb 


XHxej  •••••.••..... ^  f I 


I^egretti  &  Zaubra , 


NegrettiAZmbfi  91 


X. 


Newick,  Beechlands,  W.  Blaaw, 
Esq.  ' 


Pcvenpey,  M.  Vidler,  Esq. 


IIL 


Beachy  Head,  Mies  W.  L.  HalJ. 


xn. 


K^gTctU&ZBnbn  91 


Negretti&ZBmbnt 


C^seUa 


Negi'vtti  AZambn 


OiBpJIa  » 


ON  THE  KAlNPAIiL  IN  THE  BRITISH  ISLES. 


457 


RAIN-GAUOES  (continued). 


of  gauge. 


Above 


ft  in. 


0  10 


Abore 
lereL 


feet 


320? 


3    o 


.  6    o 


I    2 


»    3 


104 


H9 


263 


172 


0    6 


0    8 


112 


192 


0  10 


4    o 


210 


10 


4        570 


in. 


4*99 
4-98 

5'oo 

5*oi 

M  4995 

11*22 

11*25 

II'OO 

11*32 
M  11*198 


I1'25 

11*21 
11*28 
11*20 
M  11*235 

7*99 
8*00 

8'oo 

8-02 

M  8 '002 

7*97 

7*93 
7*98 

793 
M  7*953 

7-98 
8*02 
8*03 
7*98 
M  8*003 
8*03 
8*03 

7*97 

798 
M  8'oo2 

498 

5-03 

5*00 

5'co 

M  5*003 

8*00 

8*oo 

8'02 

7*92 
M  7-985 

4-99 
499 


Equivalents  of 
water. 


Sode- 
pointi 


araina. 


m* 


'1 
•2 

•3 
•4 
•5 

•OQ 

*i8 

•27 


•10 

•20 

•a5 


•1 

•2 

•3 

•4 

•5 
•I 

•2 

•3 
•5 

•I 

•2 

•3 

•4 

•5 
•I 

•2 

•3 

•4 

•5 
•1 

•2 

•3 
•4 

•5 

•I 

•2 

•3 
•4 

•5 


500 

— 'COI 

1000 

—•002 

1490 

—'001 

1980 

oorrect 

2480 

—•ooi 

2500 

—•oil 

5000 

—  •021. 

7500 

—•031 

2500 
5000 
6250 


1290 

2550 
3850 

5100 

6390 

1260 
2510 

3740 

6320 

1300 
2620 
3800 
5010 
6280 

1330 
2550 
3900 

5080 
6360 

510 

1030 

1490 

2000 
2500 
1300 

4550 

3800 

5050 

6300 


Error  at 

scale-point, 

spednedin 

preyious 

column. 


correct 
correct 
correct 


—  •002 

—  •001 
— '003 
—•002 

—  *oo3 
correct 
correct 

4- '002 

—•004 

—•002 

—  *oo6 
4- 'OOI 
+•006 
4- '006 

—  •005 
—•001 
—■007 
oorrect 
—•001 
—•003 
—•007 
correct 
— '003 

—  •C04 

—  •003 
—•002 
—•001 
4- •001 

4- '002 


Itemarks  on  position,  Ac. 


and  fresh  floats  have  been  added  from 
time  to  time.  I  recommended  that 
a  new  one  should  be  placed  near  it, 
and  the  result  is  that  uie  old  one  re- 
cords nearly  25  per  cent,  too  little. 
Sheltered  on  the  E.  by  a  row  of  elms 
about35  ft.  distant,  and  perhaps  5011. 
high.    All  else  clear. 


Good  position  in  kitchen-garden.  When 
▼isited,  was  found  on  a  pedestal,  so 
that  the  funnel  was  6  ft.  above  the 
ground,  from  which  pedestal  it  had 
more  than  once  been  blown  down ; 
suggested  that  it  should  be  placed  on 
the  ground ;  agreed  to. 

Qood  position,  in  centre  of  town. 
Gauge  on  a  pedestal  like  No.  186, 
but  securely  fastened.  Would  be 
rather  sheltered  if  lower* 

In  a  railed  enclosure  around  the  Ob- 
serratoiy,  the  nearest  angle  of  which 
is  only  7  ft.  distant  in  N.W.  and 
14  ft  hi^. 

On  lawn,  rather  sheltered  by  shrubs  in 
S.  and  S.S.W.,  about  6  ft  high  and 
6  ft  distant 


Very  near  to  No.  187,  in  an  open  field 
nearer  to  the  railway. 


On  lawn,  clear  of  trees,  and  with  a  level 
tract  for  some  distimce  round. 


In  a  sunk  garden,  surrounded  by  hedges 
and  the  house  and  trees,  but  none 
are  very  close. 


On  the  beach,  in  a  very  exposed  position. 
Gauge  fastened  to  a  snort  post,  and 
cncloHed  by  a  palisade  6  ft.  square 
and  3  ft.  6  in.  high. 

On  the  top  of  Beocliy  Head,  about 
100  yaras  W.  of  tne  Coast-guard 


1^ 


u 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


192. 


193. 


194. 


4SS 
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EXAMINATION  OF 


p  § 


1867. 


195- 


MiQr  SI* 


196. 


May  31. 


197. 


June  It 


198. 


199. 


June  z. 


June  I. 


200. 


June  I. 


201. 


June  I. 


202. 


June  I. 


203. 


204. 


June  I. 


June  8. 


Comity. 


SuMeK 


Susaex 


nU8^](     «ft<****«'* 


Sufwe^ 


@UWC]( 


Sussex 


Sussex 


Sussex 


Sussex 


Kent 


Name  of  station,  OTvner,  and 
observer. 


I«wea,    Olynde     Place,     Mr. 
M'Leod. 


Eastbourne,  Miss  W.  L.  Hall ... 


Brighton,    Upper    Brunswick 
Place,  Dr.  Kcbbel. 


Brighton    Water-works,    W. 
BUber,  Esq. 


Brighton    Water-works,    W. 
Blaber,  Esq. 


Brighton,  Bichmond  Terrace, 
O.  Smith,  Esq. 


Brighton,  St   James  Street,  E. 
Bowley,  Esq. 


Brighton,  Eaton    Place,    Br. 
Barker. 


Brighton  Gas-works. 


Bockenham,  C  O.  F.  Cator,  Esq. 


§ 
■•g 


ni. 


xn. 


vn. 


VI. 


xn. 


XII. 


in. 


X, 


VI. 


Maker*!  name. 


Bate,  Poultry    ... 


Casella 


Crosley 


Casella 


Private 


Browning 


Crosley 


Negretti  &  Zambra  98.111. 
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&AIN-OAUGBB  (continued). 


Height 
of  gauge. 


Abore 


AdOT0 

lerel. 


-sw 


ft  in. 


3    o 


4 

T 


feet. 


4    3 


59 


30 


i    6  I     45 


90 


90 


58 


o  .    40 


3  .     98 


72 


6      142. 


in. 

4'97 

5'oz 

M  4993 

5*oo 
5*00 

5'02 

4-98 

M  5*000 

4'9« 

499 

5*02 

4"99 
M  4995 

lO'IO 
lO'OO 

10-05 

10*05 
M  10*050 

IQ'OO 

10*00 

lO'OO 

M  10*000 
5 'CO 
5*oo 

M  4*997 


6'20 
6-20 

6*20 
6*20 
M  6'2oo 
5*00 

4-95 
504 

5'oo 

M  4*997 

8*00 

8*00 

7'9S 
8*04 

M  7*998 

lO'OO 

998 

IO'02 

M  lO'ooo 
801 

r97 
7'97 

M  7*977 


Eqiiiyalents  of 
water. 


Soale- 
point 


in. 


•I 

•3 
•4 
•5 

•I 

*2 

•3 
•4 
•5 


•09 


*OI 
•10 

•20 
•30 
•40 

'SO 

•3 
.6 

•9 
1*2 

•I 

•3 
•4 

•5 

•I 

*2 

•3 
•4 

•5 


•I 

*2 

•3 
•4 

•5 


Oraini. 


500 
1020 
1540 
2020 

500 
1000 
1480 
1980 
2470 


asas 


50 
500 

1000 

1490 

1980 

2480 

2500 

5000 

7500 

1 0000 

500 
1510 
2000 
2505 

1300 
2570 
3800 

5010 
6300 


1240 
2525 
3810 
J050 
6305 


Error  at 

scale-point, 

specified  in 

preyious 

column. 


—  •001 
•-•006 

—  •oil 

—  •007 

—  •006 

—•001 
—•00a 

-f-'ooi 
correct 
-f  *ooi 


— 'OIO 


correct 

—  *ooi 
-••002 

—  •001 
correct 

—  •001 

—  •028 

—  '056 

—  *o84 

—  *II2 

—  •001 

—  ■005 

—  *oo4 

—  *oo6 

—  •002 

—  •003 
correct. 
+•005 
4- -004 


4- '002 

correct 

—•002 

correct 


Remarks  on  poiition,  Ac. 


station,  and  mider  the  oare  of  the 
men  on  duty.  Glass  belieyed  to  be 
the  same  as  No.  196 ;  if  so,  gauge  must 
be  practically  correct. 

On  a  post  in  kitchen-garden,  an  espalier 
6  a  high  4  ft  oifin  N.E.,  N.,  and 
N.W.,  all  else  clear;  suggested  re- 
moral  to  a  more  open  spot :  found 
observer's  books  badly  cast,  checked 
them  all  through,  and  took  copies. 

In  the  best  pra&caUe  position  in  a 
rather  sheltered  garden;  probably 
nothing  is  more  tbm  45°  above  the 
gauge,  and  the  results  may  be  ac- 
cepted. 

No  use  at  all.  The  gauge  was  right 
underneath  a  sycamore  tree,  in  most 
ridiculous  proximity  to  the  stem.  No 
further  obeeryationa  yrill  be  made. 

In  a  capital  position  on  the  large  lawn 
of  the  water-works. 


Near  to  No.  198,  and  in  an  equally 
good  position. 


Clear  position,  gauge  (aa  usual  with 
priyately  made  ones)  very  incorrect. 
Betumt  haye  never  been  published, 
except  under  a  pseudonym  in  a  local 
paper ;  hope  they  never  will  be. 

Very  much  shelterea.  Houses  in  N.W. 
40  ft.  high  and  40  ft.  off,  and  in  S.E. 
40  ft.  high  and  27  ft.  off. 


Good  position,  except  from  S.  W.,  where 
the  house,  45  ft.  high,  is  only  30  ft. 
distant. 


On  a  post  in  a  good  open  position. 


On  lawn,  rather  near  its  sloping  edge, 
but  otherwise  unexceptionable  posi- 
tion. 


195. 


196. 


197. 


198. 


199. 


200. 


201, 


202. 


203. 


204. 
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I 


205, 


206. 


207, 


208. 


209 


210. 


211. 


212. 


213 


214. 


215 


§ 


1867. 

June  8. 


June  10. 


June  10. 


June  10. 


June  II. 


June  II. 


June  II. 


June  II. 


June  12. 


June  14. 


June  20. 


County. 


Kent 


Sussex 


Surrey 


Surrey 


Sussex 


Sussex 


Sussex 


Sussex    .. 


Sussex 


Sussex 


Sussex 


Kame  of  station,  owner,  and 
observer. 


Beokenham,  C.  O.  F.  Cator,  Esq. 


Famhiurst^    Hawksfold,    Miss 
£.  A.  Salyin. 


Guildford,   Commercial  Boad, 
Capt.  James,  B.E. 


ChiUdford  School,  Dr.  Merriman. 


Chichester,   Chilgrore,  W.  L. 
Woods,  Esq. 


Chilgroye,  Bepton  Hill,  W.  L. 
Woods,  Esq. 


Chichester  Infirmary,  W.  Hills, 
Esq. 


Chiohe8ter,  West  Dean,  H.  Pax- 
ton,  Esq. 


Chichester,    West    Ghite,     Dr. 
Tyackor 


Chichester,  Shopwyke  House, 
Bev.  G.  H.  Woods. 


Bognor,  Aldwick,  Mr.  Upton ... 


§ . 
& 

s 
& 

o 


xn. 


XI. 


XI. 


ni. 


m. 


ra. 


III. 


X. 


in. 


Maker's  name. 


Appa 


eg* 

fit 


Negretti  &  Zambra 


Negretti  &  Zambra 


Negretti  &  Zambra 


Knight 


Knight 


Knight 


9  a.111. 


9a.in. 


9  a.m. 


month- 


Negretti  &  Zambra 


Knight 


9  a.m. 


Negretti  &  Zambra  montli- 

ly- 


Knight 
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RAIN-GAUGES  (continued). 


Height  of 
gauge- 


Ibore  I  ^J^* 


ft.  in. 
0    6 


I 


X    o 


feet 
'4» 


I     O       I20 


I    4 


0    S 


0    6 


I    o 


200 


••••••••• 


50 


I    3 


0    6 


»    3 


I    o 


250 


40 


6x 


50 


m. 
5*00 

4*99 
498 
5*oi 

M  4995 
8*03 
8'oo 
7-98 

,,  7'99 

4-98 
503 

5 '02 

5'oi 
M  5*010 
S'oo 
501 

499 
5*00 

M  5'ooo 

5 '00 

4-98 

4*97 

,.  4'97 
M  4*980 

S'OO 

499 
5*oo 

5*oo 

M  4*998 

4*95 
5-03 

5*02 

S'OO 

M  s'ooo 


8'02 

7-98 
8*oo 
8*01 

M  8*003 
4-92 
5-09 
S'lo 
5*oo 

M  5*028 
8*00 
7*98 
8*02 
8'oo 

M8'ooo 
498 
4*97 


EquiYftlento  of 
water. 


point 


m. 
•I 

*2 

•3 
•4 
•5 
•I 

•2 

•3 
•4 
•5 


•1 

•3 
•4 
•5 

•I 

•2 

•3 

•4 

•5 
•I 

•2 

•3 

•4 

s 

•I 

•2 

•3 

•4 

5 


Qnint. 


500 
1000 
1500 
1990 
2490 
1300 
2600 
3950 
5200 
6600 


496 
1400 
1985 
2500 

500 
1020 

15*0 
2010 

2500 

510 

10 10 

1500 

2000 

2490 
500 

1 000 

1500 

X980 

2480 


1300 

2550 

3780 

5050 

530 

1040 

1540 

2040 

2540 

1300 

2600 

3850 

5050 

6300 

500 

1020 

Error  at 

scale-point, 

specined  in 

preriouB 

column. 


— 'OOX 

—  *002 

—•003 
—•002 
—•003 

—  *002 

— *oo5 
—  •oil 
—•010 
—•020 


oorrfict. 
—•001 
correct 
—•004 

—•002 
—•007 
—•009 
—  •009 
—•008 
"-•003 
—•004 
—•003 
—•004 
—•003 
—'001 
—•002 
—•003 
+•001 
correct. 


—•002 
—•001 

-f-*0O2 

+•003 

—  •006 
—•007 
—•007 
—•007 
—•007 

—  *002 

—  •005 

—  •003 
-f-'002 
+•004 

—  •001 

—  •007 


SemarkB  on  poiition,  Ac. 


aoee  to  No.  204. 


On  lawn  facing  S.W.,  and  quite  open, 
rather  high  ground  OYerlooking  Mid- 
hurst,  &o. 

In  an  open  garden,  a  yerj  good  poei- 
Uon.  EquiTalents  not  entered  on 
the  examination  form,  but  think  the 
glass  was  tested  and  found  correct 

On  lawn  in  a  yerj  good  position. 


Yerj  good  position ;  bottle  neck  rather 
smidl,  and  funnel  therefore  shak^. 
Kim  of  gauge  rather  flat,  which  will 
probably  correct  the  errors  of  the 


Quite  open,  in  a  hollow  near  the  top  of 
the  hiU,  on  the  east  side,  but  about 
200  ft.  below  it. 


Has  usually  been  in  an  open  part  of 
the  lawn  in  front  of  the  Infirmary, 
and  will  be  replaced  there  as  soon  as 
alterations,  in  progress  at  time  of 
visit,  are  oompletM.  Ghkuse  was 
temporarily  carefully  placed  in  a 
tolerably  good  position. 

On  the  slope  of  the  taU^  facing  S.E., 
not  yery  far  from  the  dhurch ;  fairly 
exposed. 


In  a  Tery  open  position,  on  a  large 
level  lawn. 


In  a  large  vase,  on  the  lawn,  good  open 
position. 


Found  very  dose  to  a  ffoosebeny-biisb, 
had  it  moved  to  a  clear  spot. 


I 

(3« 


205. 


206. 


207. 


208. 


209. 


210. 


211. 


2X2. 


213. 


214. 


215, 


4tl» 


WMtOV^^XitN. 


EXAmNAWON  OP 


!l 

(3" 


li 


II 6. 


1867. 


June  21. 


217. 


June  24. 


Countj. 


Sussex 


Sussex 


218. 


June  ^4. 


219. 


June  24. 


220. 


June  24. 


221. 


June  25. 


StaMet    k.i 


Sussex 


Sussex 


Sussex 


i22. 


June  25. 


423. 


June  26. 


124. 


June  26. 


425. 


June  27. 


Sussex 


Sussex 


Sussex 


Sussex 


Name  of  station,  owner,  and 
obserrer. 


Littlehampton,  Yapton,  B.  Bed- 
ford, Esq. 


Horsham,  St.  Leonards  Lodge, 
W.  £.  Hubbard)  Bsq. 


§ 


■^ 


I 


t 


xn. 


Maker's  name. 


Caaella 


III. 


Horsham,  St.  Leonard's  Lodge,     m. 
The  Gardens,  Mr.  S.  Ford. 


Crawley,  The  Hyde,  B.  S.  Biggs, 
Esq. 


J?etworth  Bectory,  Bey.  C.  Hoi- 
.  land. 


Fetworth  Qardens,  Mr.  Jon^s... 


VIII. 


ni. 


Caaella 


Caeelhi 


Private 


Gould. 


XII. 


Arundel,  Dale  Park,  J.CFleteher, 
Bsq.,  Mr.  Wilson. 


Worthing,  Bedford  Bow,  W. 
J.  Harris,  Esq. 


Worthing,  Br.  Butrker 


IV. 


XI. 


Ouellft 


o  SP 
big 


Negretti  &  Zambra  98.111 


X. 


Worthing,    Findon,    E©t.  Dr. 
Cholmelljr. 


III. 


Fritate 


^a.in. 


Caselln 
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r*vir»rvtwv 

vv  *• 

Height  of 

fill 

Equiyalents  of 

Error  at 

gange. 

wftter. 

soale-point, 
specinedin 

1 

Bemarks  on  position,  &c. 

U 

AYwtVA 

2    ^3    ^     II 

8  S 

Ahowe 

JMJJVWV 

ft     a 

Boale- 
point 

Onina. 

preyioiis 
column. 

ft.  in. 

feet 

in. 

in. 

f 

*,  4-99 

•3 

1540 

— *oi3 

• 

M  4-980 

•4 
•5 

2000 
2510 

—•007 
—  •010 

«     3 

45 

4-98 

'I 

500 

—  •001 

In  a  garden  well  exposed,  dear  lerel 

116. 

* 

5*02 

•2 

1000 

—•001 

country. 

S'oo 

1490 

correct. 

, 

S'oi 

1980 

■f' 001 

M  5*003 

2480 

correct. 

I     6 

301 

500 

498 

correct. 

At  S.B*  anffle  of  a  terrace,  in  a  bed  of 
cut  beam;  the  gauge  is  1ft.  6 in. 

117. 

1 

500 

1000 

—•002 

5-00 

1490 

—  •001 

above  the  terrace,  and  about  6  ft 

S'OO 

1975 

-f'002 

aboTe  the  nest  lower  one. 

M  5*000 

2480 

correct. 

I     6 

a73 

498 

500 

—  *OOI 

The  houae  30  ft.  off  in  S.W.  is  about 

1x8. 

5'02 

lOOO 

—•002 

25  ft.  high,  all  else  is  dear.    About 

5-00 

1490 

—•001 

a  i  of  a  mile  from  No.  217. 

5-00 

1980 

-f'OOI 

M  5*000 

2480 

correct 

I    6  .  370 

lo-oo 

1830 

+*oo8 

A  Ter^  roughly  made  flat-funnelled 
gauge,  placed  about  4  ft  from  the 

119. 

lO'OO 

3690 

+•014 

JO*  10 

5500 

+•023 

base  of  a  large  hot-house  facing  H. 
I  hare  no  doubt  in  rouj^  weamer 
both  irain  and  snow  unduly  shoot 

1 

^    9*90 

7450 

-f*024 

M  10*000 

9630 

+•014 

• 

into  the  gauge. 

I    6 

170 

5*o6 

540 

-•007 

On  lawn  sloping  to  E.,  slightly  but  not 

120. 

5  "06 

1040 

—•005 

ii^uriously  sheltered. 

5*06 

1590 

—•014 

5-03 

2tOO 

—•014 

M  5*053 

2550 

-•004 

I    6 

180 

5*oo 

500 

—•001 

In  the  kitchen-gardens,  lerel,  and  very 

221. 

4-98 

1000 

-*oo3 

open  position. 

4*99 

1400 
1980 

—  •002 

4-98 

b--OOI 

M  4-987 

2480 

—•003 

3    0     316 

11*22 

2600 

-005 

In  kitchen-gardens  on  slope  to  S.,  belt 

122. 

lI'lS 

5050 

—•003 

of  trees  in  N.,  but  not  near  enough 

11*23 

7580 

—•005 

to  affect  gauge.    Bim  of  funnel  rery 

1 

11*14 

9950 

— *oox 

flat 

M  11*193 

12950 

—  •021 

I    0 

21 

5*02 

•09 

500 

—•010 

In  ffarden  in  front  of  Bedford  Bow, 
sheltered  to  the  W.  by  houses  40  ft. 

123. 

4*98 

1000 

—  •001 

1^ 

5*oi 

1490 

-f'ooi 

high  and  60  ft.  distant 

5*03 

1980 

-h*002 

M  5*010 

2480 

-f*002 

'  I    0 

18 

13-2 

•135 

4376 

+•007 

A  YerT  roughly  made  gauge,  in  an  in- 
different position. 

S24. 

13*2 

•265 

8752 

+  •009 

1 2-9 

•526 

17504 

-f-014 

13a 

i*o6o 

35008 

+•036 

M  13*125 

1 

I    0 

167 

5*02 

•I      i 

1 

510 

-•004 

Fair  exposure  on  lawn,  some  elms,  ', 

125. 

4'8o 

1020 

—•007 

about  50  ft  high,  100  ft.  distant  in 

5*oo 

1500 

—•005 

S.W.      Gauge  had    been  indented 

5*oo 

•4 

2COO 

—  •007 

considerably    at    one    point.     The 

M  498 ? 

•5 

2510 

—  •010 

mean  diameter  as  given  is  believed 
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RBPORT — 1867t 


8^ 


»37- 


238. 


239 


240, 


241, 


242, 


o 

II 


1867. 


Sept.  24. 


Sept.  27. 


Sept.  27. 


^Sept.  28. 


Sept.  30. 


Oct.     J. 


County. 


Ilampsliiro 


IXampshiro 


Hampshire 


Hampsliira 


IXampshiro 


Uampshire 


EXAMINATION  OF 


Name  of  station,  owner,  and 
observer. 


Hyde,    Esplanade,  B.  Tajlor, 
Esq. 


Osborne,  J.  B.  Mann,  Ksq. 


Osborne,  J.  B.  Mann,  E8q. 


Newport,  Cliapel  St,  Mr.  E.  G. 
Aldridge. 


St.  Lawrence,  The  Bectorj*,  Bev. 
0.  Maiden. 


Ventnor,  Belgrave  House,  Dr. 
Martin. 


2  ^ 


xn. 


X. 


IV. 


XI. 


XIL 


It. 


Moker^s  name. 


Si 


Casella 


Kegretti  &  Zambra 


Negrctti  &  Zambra 


Negretti  &  Zambra 


Caaella 


Newman 


9  a.iii. 


month- 


9  a.ni. 


9  a.m. 


9  a.m. 


9  a.m. 


Note, — ^Tho  preceding  Tables  are  similar  in  every  respect  to  those  eobtaincd 
in  the  British  Association  Report  for  1866 ;  and  in  order  that  the  present  one 
may  be  complete  in  itself,  part  of  the  explanation  there  given  is  here  repeated ; 
as  is  also  the  Plate  representing  the  various  forms  of  gauge  most  generally 
used. 

The  present  Tahles  contain  the  resiilts  of  Mr.  Symons's  personal  examina* 
tion  of  gauges  on  the  dates  specified  in  the  second  columui  and  at  the  loca- 
lities stated  in  the  third  and  fourth  columns.  The  pattern  of  the  gauge  is 
indicated  by  the  Roman  numerals  which  refer  to  the  accompanying  Plate  5 
the  next  four  columns  are  self-explanatory ;  then,  as  few  gauges  arc  true 
circles,  four  diameters  (t.  e.  at  intervals  of  45°)  are  taken,  and  their  mean  is 
assumed  as  the  mean  diameter  of  the  gauge  and  marked  M ;  from  this  the 
area,  and  weight  of  an  inch  of  water  over  that  area,  is  rcadUy  obtained,  and 
the  difference  between  the  computed  value  and  that  which  the  gauge  showed 
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RAIN-GAUGES  (ewUinued). 


Height  of 

Diameters 
(that  marked 

Equivalents  of 

Error  at 

gauge. 

water. 

soalo-point, 

speoined  in 

previous 

column. 

^rv                    V                                  *  J  *                A 

Reference 
number 

Above 

Above 

seiv 

level. 

Scale- 
point 

Oraini. 

Remarks  on  position,  &c. 

1  fl.  in. 

feet. 

in. 

in. 

1 

11-9 

1»*0 

sheltered  both  br  buildings  and  a 
tree  due  S.  16  ft.  nigh  and  only  8  ft. 

' 

xa'o 

distant. 

M  ii'ooo 

6    o 

20 

5*oo 

•I 

490 

4-'ooi 

Close  to  No.  236. 

137. 

1 

498 

•2 

990 

correct. 

1 

5*oo 

•3 

1490 

—  •002 

1 

498 

•4 

2000 

—•005 

I 

M  4*990 

•5 

2480 

—•002 

o    8 

172 

7-98 

•I 

1290 

—•002 

On  grass  plot ;  a  hedge  6  ft.  high  was 
omy  4  fc.  distant  in  E. 

238. 

797 

•» 

2500 

+*ooa 

1 

797 

**  7-96 

M  7*970 

1  3    o 

>7* 

irio 

•065 

2500 

-•035 

Close  to  No.  238. 

239. 

11*90 

•150 

5000 

-•038 

1 
1 

ll'OO 

'240 

7500 

-•034 

1 

ta'oi 

•3»S 

lOOOO 

—  038 

1 

M  iz'003 

•415 

12500 

-•034 

•500 

15000 

—•025 

i  8 

53 

5-01 

•1 

510 

—♦002 

On  apex  of  small  outhouse,  much  shel- 

240. 

\ 

500 

*2 

lOIO 

—•003 

tered  by  trees. 

1 

5*oo 

•3 

1500 

—•001 

1 

,,  5*04 

'4 

1985 

-|-'002 

M  5*013 

•5 

2490 

correct. 

I      O 

85 

5*oo 

•I 

500 

—•001 

Quite  clear  on  lawn ;  ground  sloping 

241. 

4-9» 

•a 

1000 

—•00a 

toa 

5*02 

•3 

1490 

—•001 

c-oo 

•4 

1980 

-|-*ooi 

M  5*ooo 

•5 

2480 

correct. 

5    7 

100 

ia*oo 

•05 

1490 

—•001 

Clear  except  in  N.,  where  the  house 

242. 

Xl'CO 

•I 

3000 

—•005 

(three  stories)  is  only  40  ft.  distant. 

1 

]2*oa 

•»s 

4260 

^•001 

i2*oa 

■ 

M  12*010 

A 

i^hen  tested  is  the  error  of  the  gauge  given  in  the 
last  column  but  two ;  the  last  columns  are  self-ex- 
planatory. 

A  section  is  given  of  Gauge  No.  172,  it  being  of 
a  type  not  represented  on  the  Plate,  yet  of  consider- 
able importance,  inasmuch  as  it  is  the  pattern  em- 
ployed by  Mr.  Fletcher,  F.R.S.,  on  the  Cumberland 
Mountains.  The  orifice  is  small,  only  4  inches,  in 
order  to  keep  the  volume  of  water  within  manage- 
able limits ;  they  are  constructed  with  very  thick 
double -lapped  copper  vessels  dropped  into  stout  iron 
cans  provided  with  lock  and  hinges ;  the  amount  is 
measured  with  a  glass  like  No.  III. 

c,  c  are  handles,  D  is  a  hinge,  and  A  E  I)  falls  down  close 
ou  the  body  B. 

2x2 


U 


J   I  'i 


d 


I    I" I  .1. 


Scale  of  inches. 


468  REPORT — 1867. 

Report  on  the  best  means  of  providing  for  a  uniformity  of  Weights 
and  Measures,  with  reference  to  the  Interests  of  Science.  By  a 
Committee,  cotisisting  of  Sir  John  Bowring,  The  Rt.  Hon.  C.  B. 
Adderley,  M,P.,  Sir  W.  Armstrong,  Mr.  Samuel  Brown,  Mr. 
W.  EwART,  M.P,,  Mr.  Capel  H.  Berger,  Dr.  Farr,  Mr.  Frank 
Fellows,  Prof.  Frankland,  Mr'.  George  Glover,  Prof.  Hennessy^ 
Earl  FoRTEScuE,  Mr.  Frederick  Hendricks,  Mr.  James  Hey- 
wooD,  Sir  Robert  Kane,  Prof.  Leone  Levi,  Prof.  W.  A.  Miller, 
Prof.  Rankine,  Mr.  C.  W.  Siemens,  Col.  Sykes,  M.P.,  Prof.  A. 
W.  Williamson,  Lord  Wrottesley,  Mr.  James  Yates,  and  Prof. 
Leone  Levi,  Secretary. 

Since  our  reappointment  at  Nottingham,  your  Committee  have  used  their 
hest  endeavours  to  diflfuse  the  knowledge  of  the  Metric  System,  with  a  view 
to  its  extension  throughout  the  world,  and  we  have  the  pleasure  to  report  that 
special  and  extensive  opportunities  have  presented  themselves  for  the  purpose. 
The  advantage  of  having  the  principal  items  in  the  statistics  of  the  United 
Kingdom  puhlished  in  the  terms  of  the  Metric,  as  well  as  of  the  Imperial 
System,  a  practice  which  has  heen  most  advantageously  introduced  in  somo 
Government  Departments,  has  heen  again  brought  by  your  Committee  to  the 
notice  of  the  Board  of  Trade ;  but  although  this  method  has  been  repeatedly 
recommended  by  the  International  Statistical  Congress,  and  also  by  tlie  Com- 
mittee of  the  House  of  Commons  in  1862,  the  request  has  not  been  granted. 
Your  Committee  can  scarcely  admit  that  an  arrangement,  which  would  be 
found  so  convenient  to  this  and  to  foreign  countries,  and  which  would  so 
facilitate  the  general  knowledge  of  the  Metric  System,  should  be  refused 
on  the  ground  of  clerical  difficulties,  or  because  it  may  cause  a  trifling  ad- 
ditional expenditure.  The  Committee  hope  that,  on  further  consideration, 
the  Board  of  Trade  wiU  see  the  advantage  of  complying  with  the  wishes 
repeatedly  expressed  for  such  items  of  information. 

The  Mural  Standard,  which  haa  been  the  subject  of  so  much  care  and 
study,  both  as  regards  precision  and  material,  has  now  been  completed  by 
Mr.  CascUa,  Scientific  Instrument  Maker  to  the  Admiralty,  and  is  available 
for  public  use.  It  is  made  of  white  glazed  porcelain,  which  is  little  affected 
by  changes  of  temperature,  and  combines  cheapness  with  elegance.  The  two 
units,  the  Yard  and  the  Metre,  with  their  divisions,  authorized  by  law,  are 
there  shown  in  contact,  so  as  to  admit  of  easy  comparison.  The  Yard,  divided 
into  feet,  inches,  and  eighths  of  an  inch,  is  painted  in  red;  the  Metre,  divided 
into  decimetres,  centimetres,  and  millimetres,  in  blue.  By  very  careful  obser- 
vation, it  has  been  found  that  the  measures  on  this  instrument  are  exact  to 
within  the  two  hundred  and  fiftieth  part  of  an  inch,  or  the  tenth  part  of  a 
millimetre.  It  is  fitted  in  a  mahogany  frame,  for  suspension  on  the  walls  of 
public  buildings.  Your  Committee  have  ordered  copies  of  the  Mural  Stan- 
dard to  be  presented  to  the  Board  of  Customs  of  London  and  Liverpool,  the 
University  of  Oxford,  and  the  office  of  the  Warden  of  the  Standards.  By  the 
kindness  of  Mr.  Yiites,  a  copy  of  the  Mural  Standard  has  also  been  presented 
to  the  Conservatoire  des  Arts  et  Mc^tiers  in  Paris.  It  is  much  to  be  desired 
that  the  Mural  Standard  be  extensively  made  known,  and  your  Committee 
woidd  recommend  the  same  to  the  special  attention  of  the  Chambers  of  Com- 
merce and  municipal  authorities. 

In  February  last,  your  Committee,  in  conjunction  with  the  Council  of 
the  British  Branch  of  the  International  Decimal  Association,  invited  a  con- 
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ference  with  deputies  from  the  Chambers  of  Commerce  in  the  United' IQng- 
dom,  and  the  Consular  authorities  in  London.  The  conference  was  held  at 
the  Society  of  Arts,  under  the  presidency  of  Sir  John  Bowring,  and  the  fol- 
ing  resolutions  were  unanimously  passed : — 

That  the  permissive  use  of  Metric  Weights  and  Measures  in  the  United 
Kingdom,  without  corresponding  powers  for  legalizing  authorized  standards 
of  the  same,  and  the  stamping  of  Metric  Weights  and  Measures  in  use,  is 
calculated  to  cause  much  inconvenience  in  trade,  and  to  frustrate  the  prac- 
tical adoption  of  the  system ;  and  that  it  is  therefore  desirable  that  the 
Department  of  the  Board  of  Trade  charged  with  the  custody  of  Imperial 
Weights  and  Measures,  be  also  authorized  to  provide  and  maintain  the  stan- 
dards of  Metric  Weights  and  Measures,  and  to  stamp  and  verify  those  in 
general  use. 

That  in  order  to  ^cilitate  the  use  of  the  Metric  System,  it  is  desirable 
that  the  same  be  introduced  into  the  public  departments,  especially  in  the 
Post-office  and  the  Customs,  by  the  official  preparation  of  the  Tariff  in 
Metric  equivalents,  with  authority  to  levy  duty  according  to  the  same ;  and 
the  publication  of  the  principal  results  of  the  statistics  of  the  Board  of  Trade 
in  Metric  and  Imperial  values. 

That  this  Conference  recommend  the  Chambers  of  Commerce  of  the 
United  Kingdom  to  use  means  for  promoting  the  voluntary  use  of  the  Metric 
System  among  merchants,  manufacturers,  and  tradesmen,  such  as  the  pre- 
paration of  special  tables,  available  in  the  various  trades,  for  converting 
prices  and  quantities  from  the  Metric  into  the  Imperial  System,  and  vice 
versd ;  and  the  exhibition  of  Mural  Standards  of  the  Metre  in  public  places 
in  the  principal  ports  and  market- towns. 

That  in  the  opinion  of  this  Meeting,  the  International  Monetary  Con- 
vention lately  entered  into  by  Prance,  Italy,  Belgium,  and  Switzerland,  for 
the  purpose  of  giving  a  common  weight,  fineness,  and  currency  to  their  stan- 
dard Coins,  is  deserving  approbation  as  a  measure  calculated  to  facilitate 
and  extend  the  commercial,  banking,  and  exchange  operations  between 
those  nations  themselves,  and  foreign  countries  having  dealings  with  them. 

And  this  Meeting  is  further  of  opinion  that  the  conditions  of  the  Inter- 
national Monetary  Convention,  so  far  as  they  may  be  found  applicable  to 
the  Metallic  Currency  System  of  the  United  Kingdom,  are  well  worthy  of 
the  attentive  consideration-  and  support  of  all  who  are  interested  in  the  pro- 
gress of  and  intercommunication  bet^veen  nations. 

.  That  it  is  desirable  that  the  Chambers  of  Commerce  should  bo  repre- 
sented at  the  Conference  to  be  held  in  Paris  in  connexion  with  the  special 
Exhibition  of  Weights,  Measures,  and  Coins,  at  tho  approaching  Universal 
Exhibition. 

The  most  important  event,  however,  which  is  likely  to  exercise  considerable 
influence  in  the  future  discussion  of  the  question,  is  the  Conference  held  in 
Paris  at  the  suggestion  of  your  Committee  and  of  the  Council  of  the  Inter- 
national Decimal  Association.  Tho  Conference  having  been  held  at  a  time 
when  Parliament  was  sitting  and  the  Courts  of  Law  were  open,  no  large 
representation  could  attend  from  this  country,  yet  Mr.  Samuel  Brown  and 
Professor  Leone  Levi  attended  on  behalf  of  your  Committee  and  they  had  the 
advantage  of  having  with  them  Mr.  Louis  P.  CascUa,  the  constructor  of  the 
Mural  Standard,  Mr.  Muspratt  and  Mr.  Blood,  representing  the  Liverpool 
Chamber  of  Commerce,  and  Mr.  Joseph  A¥rigloy,  representing  the  Hudders- 
field  Chamber  of  Commerce.  The  Conference  was  attended  by  represent- 
atives  from  many  countries,  including  Austria,  Spain,  Portugal,  Denmark, 
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Sweden,  Norway,  Prussia,  Wurtemborg,  Bavaria,  Russia,  Italy,  Morocco, 
Tunis,  Brazil,  South  America,  and  the  United  States ;  and  was  presided  over 
by  M.  Mathieu,  of  the  Institute.  The  first  question  discussed  was  that  of 
Weights  and  Measures,  and  a  report  was  read  on  the  subject,  which  was  pre- 
pared by  M.  Jaoobi,  of  the  Imperial  Academy  of  Sciences  of  St.  Petersburg, 
and  adopted  by  the  organizing  Committee.  Starting  from  certain  fundamental 
propositions  in  favour  of  tho  Decimal  system  of  calculation  and  of  the  Metric 
system  especially,  the  report  showed  how  far  that  system  had  been  extended 
in  different  countries,  specifying  those  which  have  already  adopted  it  entirely 
and  in  an  obligatory  manner,  such  as  Franco,  Belgium,  the  Netherlands, 
Italy,  the  Boman  States,  Spain,  Portugal,  Greece,  Mexico,  Chili,  Brazil,  Now 
Grenada,  and  other  Republics  of  South  America ;  those  which  have  more  or 
less  borrowed  from  it,  such  as  S\\dtzerland,  Baden,  Prussia,  Bavaria,  Wur- 
temborg, Austria,  Denmark ;  those  which  have  introduced  the  Metric  system 
in  a  permanent  manner,  as  the  United  Kingdom,  and  the  United  States ;  and 
those  which  have  nothing  in  common  with  the  Metric  system.  After  this 
survey,  the  report  entered  into  a  detailed  account  of  the  advantages  which 
would  result  from  the  use  of  the  system  in  different  branches  of  labour,  in 
the  teaching  of  arithmetic  in  primary  schools,  in  scientific  researches  and 
memoirs,  in  commercial  transactions,  in  industry  and  machinery,  in  postal 
tariff,  telegraphs,  and  customs  duties.  As  regards  the  use  of  its  nomen- 
clature, the  report  is  not  in  favour  of  any  material  alteration,  and  far 
less  of  using  old  names  for  new  quantities ;  nor  does  it  &vour  the  com- 
bination of  the  old  and  new  systems,  such  as  the  use  of  the  foot  side  by 
side  with  the  metre  even  in  a  period  of  transition.  In  conclusion,  the  re- 
port recommended  the  immediate  teaching  of  the  Metric  System  in  schools, 
and  the  use  of  the  same  in  statistical  and  other  public  documents.  After 
some  discussion  the  report  was  put  to  the  vote,  and  was  carried  unanimously. 
Doubts  having  been  expressed  as  to  the  exact  correspondence  between 
the  standards  kept  at  the  Archives  and  those  at  the  Conservatoire  des 
Arts  et  Metiers,  and  some  uncertainty  existing  respecting  the  method  to  be 
pursued  for  obtaining  an  exact  standard  in  other  countries,  the  prototype 
being  in  Paris,  Gendral  Morin  and  M.  Tresca,  Conservator  and  Subcon- 
servator  of  the  Conservatoire  des  Arts  ct  Metiers,  stated  that  on  the  5th 
October,  1863,  his  Excellency  the  Minister  of  Agriculture,  Commerce,  and 
Public  Works,  had  appointed  a  Commission,  composed  of  themselves,  with 
M.  Silberman,  Conservator  of  the  collections,  and  M.  Froment,  Constructor 
of  instrumente,  charged  to  make  an  ofiicial  comparison  between  the  pro- 
totype standards  kept  at  the  Archives,  with  those  deposited  at  the  Impe- 
rial Conservatoire  des  Arts  et  Metiers,  more  particularly  destined  to  be  used 
for  comparisons  with  the  standards  made  by  or  for  the  different  govern- 
ments which  might  adopt  the  Metric  System.  The  prototype  standard 
Metre  at  the  Archives  is  of  platinum,  has  no  inscription  or  mark  whatever, 
and  is  a  Metre  h  bout.  It  is  in  a  case,  having  a  tablet  with  the  following 
indication : — 

Metre 

Conforme  h  la  loi  du  18  Germinal  an.  III. 

Prescntc  le  4  Messidor  an.  VII. 

And  outside  the  inscription  tho  words : 

Pait  par  Lenoir. 

That  at  the  Conservatoire  has  precisely  tho  same  inscription,  is  in  every  way 
identical  with  tho  other,  and  seems  in  a  better  state  of  preservation.     The 
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Kilogram  of  the  Archives  is  a  cylinder  of  platinum,  without  any  mark  or 
ioscriptiony  in  a  box  haying  the  following  insoription  :~^ 

Oonfonne  h  la  loi  du  18  Germinal  an.  III. 

Presente  le  4  Messidor  an  VII. 

Fortin  f. 

The  Kilogram  at  the  Oonservatoire  has  been  recently  re^constructed  (1864), 
and  has  the  same  form  with  the  other. 

Two  distinct  comparisons  were  made  between  these  Metres  and  Kilograms, 
and  tiie  result  was  that  those  at  the  Conservatoire  were  found  to  be 
1-00000329  and  1-00000072  respectively,  as  compared  with  those  of  the 
Archives.  In  answer  to  the  assertion  that  a  cubic  centimetre  of  distilled 
water  at  4^  Centigrade  of  temperature  did  not  in  fact  furnish  the  exact  basis 
for  the  weight  of  the  Kilogram,  it  was  stated  that  the  difiEerence  was  quite 
infinitesimal,  and  that  it  had  no  value  whatever  whon  the  exact  standard  was 
kept,  and  that  corresponded  with  the  standard  Kilogram  of  all  nations.  The 
statements  of  G^n^ral  Morin  and  M.  Tresca  were  considered  highly  satis- 
factory, as  giving  every  guarantee  of  sufficient  exactitude,  and  completely 
dispelled  every  doubt  suggested  on  the  subject.  A  Commission  appointed 
by  the  Committee  afterwards  inspected  the  Metre  and  Kilogram  at  the 
Archives  and  Conservatoire,  and  having  found  them  as  described,  made  a 
protocol  signifying  their  satisfaction  at  the  care  with  which  the  standards 
were  preserved,  and  at  the  results  of  the  verification  made. 

With  reference  to  the  uniformity  of  weights  and  measures,  your  Com- 
mittee have  therefore  much  pleasure  in  reporting  that  their  task  has  been 
greatly  accelerated  by  the  Conference  described,  and  that  there  is  every  pro- 
spect that  the  principal  nations  will  speedily  adopt  the  Metric  System.  In 
the  United  Kingdom  much  remains  to  be  done  on  the  subject.  As  yet  the 
Metric  System,  though  rendered  legal,  has  made  but  little  progress  either  in 
general  practice  or  even  in  the  education  of  the  people,  and  your  Committee 
are  of  opinion  that  the  most  efficient  mode  for  promoting  the  early  introduc- 
tion of  this  salutary  reform  is  to  make  the  use  of  the  Metric  System  compul- 
sory at  no  distant  period.  They  recommend,  therefore,  amongst  other  mea- 
sures, that  a  bin  be  speedily  introduced  in  Parliament  providing  that  after  a 
given  time  the  use  of  metric  weights  and  measures  shall  become  compulsory 
throughout  the  United  Kingdom. 

As  regards  the  coinage,  your  Committee  have  to  report  the  proceedings  of 
two  important  Conferences.  The  Monetary  Convention  signed  at  Paris 
on  the  23rd  December  1865,  by  the  representatives  of  France,  Belgium, 
Switzerland,  and  Italy,  having  established  an  agreement  between  four  im- 
portant countries  whereby  the  coinage  of  each  of  them  was  made  legally 
current  in  all  the  others,  great  efforts  have  been  made  to  induce  other  nations 
to  give  their  adhesion  to  the  Convention.  Hitherto  the  Convention  was 
made  between  nations  which  had  already  an  identical  system  of  coinage.  The 
object  of  the  Conference  was  to  consider  by  what  means  those  nations  which 
had  a  totally  different  system  could  be  also  united.  This  Conference,  called 
by  the  French  Government,  was  held  at  the  Ministry  of  Foreign  Affairs, 
under  the  presidency  of  His  Imperial  Highness  the  Prince  Napoleon,  and  was 
attended  by  representatives  from  Austria,  Baden,  Bavaria,  Belgium,  Denmark, 
the  United  States,  from  Great  Britain,  Greece,  Italy,  the  Netherlands,  Por- 
tugal, Prussia,  Russia,  Sweden,  Norway,  Switzerland,  Turkey,  and  Wurtem- 
berg.    The  results  of  their  deliberations  were  as  follows. 
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It  was  unanimouBly  agreed : — 

That  the  monetary  umfication  may  more  easily  be  realized  by  the  mutual 
coordination  of  the  existing  systems,  taking  into  accoimt  the  scientific 
advantages  of  certain  types,  and  the  number  of  j)erson8  ikLp  4iavo  ahead)/ 
adopted  them,  than  by  the  creation  of  a  new  system  altogether  inde- 
pendent of  the  existing  ones. 

That  for  that  purpose,  the  system  agreed  on  by  the  Monetary  Convention 
of  1865  shoTild  be  taken  principally  into  consideration,  subject  to  any 
improvements  of  which  it  may  be  capable. 

It  was  agreed  by  all,  except  the  representatives  of  the  Netherlands, — 

That  it  is  not  possible  to  attain  such  identity,  or  even  a  partial  coinci- 
dence, in  such  monetary  types  in  an  extended  area,  on  the  basis  and  on 
condition  of  the  exclusive  adoption  of  a  silver  standard ;  but  that  it  is 
possible  to  attain  it  on  the  basis  of  a  gold  standard,  allowing  each  State 
to  preserve  the  silver  standard  in  a  transitory  manner. 

It  was  agreed  by  all,  except  the  representatives  of  Eussia  and  the  United 
States, — 

That  the  advantage  of  intemationality,  which  the  coinage  of  the  metal 
taken  for  common  standard  would  possess,  is  not  a  sufficient  guarantee 
for  its  being  maintained  in  circulation  in  all  the  States,  but  that  it  is 
necessary  to  stipulate  that  in  the  countries  which  continue  to  use  the 
silver  standard  only,  and  in  those  which  have  a  double  standard,  the 
relation  between  the  value  of  gold  and  silver  should  not  be  established 
on  too  low  a  footing,  in  order  to  give  due  facility  for  the  practical  intro- 
duction of  the  gold  coinage. 

It  was  unanimously  agreed, — 

That  for  the  success  of  the  Monetary  unification,  it  is  necessary  to  fix  types 
having  a  common  denominator  for  the  weight  of  the  gold  coin,  with  an 
identical  fineness  of  9/10  fine. 

The  proposal  that  the  common  denominator  shoidd  be  the  piece  of  five 
francs  was  adopted  by  a  majority  of  13  votes  against  2,  the  representatives 
England  and  Sweden  having  voted  against,  and  those  of  Prussia,  Bavaria, 
Baden,  Wurtemberg,  and  Belgium  having  abstained  from  voting. 

It  was  then  unanimously  agreed, — 

That  the  gold  coin  of  the  common  denominator  of  5  francs  should  have 
legal  course  in  aU  the  States  which  are  mutually  bound  by  the  Monetary 
Convention. 

It  was  agreed  by  all,  except  the  representatives  of  Prussia,  Baden,  and 
Wurtemberg,  who  abstained  from  voting, — 

That  it  would  be  useful  that  the  types  of  coinage  determined  by  the 
Monetary  Convention  of  23rd  December  1865,  should  bo  in  the  interest 
of  unification,  and  consequently  of  reciprocity,  completed  by  new  types, 
for  example,  of  2o  francs. 

But  for  the  proposal  that  a  piece  of  15  francs  be  also  added,  the  represen- 
tatives of  seven  countries  voted  in  favour,  those  of  seven  voted  against,  and 
those  of  six,  including  Great  Britain,  abstained  from  voting. 

It  was  unanimously  agreed — 

That  th(B  Conference  expresses  the  hope  that  the  measures  which  may  be 
adopted  by  the  Governments  of  the  different  States  in  order  to  modify 
their  respective  monetary  systems  in  accordance  with  the  bases  indi- 
cated by  the  Conference,  should  be  made  as  much  as  possible  the  sub- 
jects of  diplomatic  conventions. 

And  it  was  unanimously  agreed — 
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That  soon  after  the  reception  of  the  answers  which  may  be  given  by  the 

diiferent  States  to  the  official  communication,  which  will  be  made  to 

4heiii  -of  the  iBbmm  xr£  iiie  OonfercHce  by  the  JEbrench  Govemment, 

that  Government  may,  if  necessary,  call  a  new  Conference. 

Bat  on  the  question  as  to  the  time  when  such  answers  should  be  given, 

the  representatives  of  ten  countries  voted  for  before  the  15th  February  prox., 

those  of  five  voted  in  favour  for  the  1st  October  1867,  those  of  the  United 

States  for  the  15th  May  1868,  and  those  of  Great  Eritain  for  the  Ist  June 

1868.     Those. of  France  and  Spain  abstained. 

Sach  were  the  resolutions  of  the  International  Monetary  Conference, 
which  had  an  official  character,  and  whose  proceedings  were  to  a  certain 
extent  binding  on  the  States  represented.  The  other  Conference,  whose 
decisions  on  weights  and  measures  we  have  already  reported,  was  also  pre- 
sided over  by  Prince  Napoleon,  who  took  the  chair  on  the  day  when  the 
monetary  question  was  discussed. 

llie  Committee  had  not  prepared  a  report  on  this  subject,  as  in  the  case  of 
weights  and  measures,  but  had  adopted  the  following  resolutions,  which  were 
submitted  to  the  Conference,  and  adopted  with  only  some  verbal  alterations. 
Whereas  the  adoption  of  a  uniform  system  of  coinage  would  present  evident 
advantages  as  regards  convenience  and  economy  in  the  settlement  of 
international  exchange,  and  recommends  itself  to  the  attention  of  all 
enlightened  governments ; 
Whereas,  on  the  other  hand,  such  a  desideratum  cannot  be  realized  unless 
severed  nations  are  prepared  to  sacrifice  their  old  and  habitual  instru- 
ments of  traffic,  whilst  it  is  important  that  the  change  may  be  e£fected 
in  a  gradual  and  continuous  manner,  and  that  the  mode  of  effecting 
this  change  should  be  as  simple  as  possible  and  free  from  all  incidental 
complication ; 
The  Committee  proposes  as  follows : — 

1.  It  is  necessary  in  the  first  instance  that  the  different  governments 
interested  in  this  question  should  agree  as  to  the  same  unit  in  the  issue 
of  their  gold  coins. 

2.  It  is  desirable  that  this  coin  be  everywhere  coined  of  the  same  fineness, 
of  nine-tenths  fine. 

3.  It  is  desirable  that  each  government  should  introduce,  among  its  gold 
coins,  one  piece  at  least  of  a  value  equal  to  that  of  one  of  the  pieces  in 
use  among  the  other  governments  interested,  so  that  there  may  be  among 
all  the  systems  a  point  of  common  contact,  from  which  each  nation  may 
afterwards  advance  in  gradually  assimilating  its  system  of  coinage  to 
that  which  may  be  chosen  as  a  uniform  basis. 

4.  The  series  of  gold  coins  now  in  use  in  France,  being  adopted  by  a  great 
part  of  the  population  of  Europe,  is  recommended  as  a  basis  of  the  uni- 
form system. 

5.  Whereas,  in  consequence  of  accidental  and  happy  circumstances,  the 
most  important  monetary  units  may  be  adapted  to  the  piece  of  five  francs 
in  gold  by  means  of  very  small  changes,  this  piece  seems  the  most  con- 
venient to  8er^'e  as  a  basis  of  a  monetary  system ;  and  the  coins  issued 
upon  such  a  basis  may  become,  as -soon  as  the  convenience  of  the  nations 
interested  permit,  miUtiples  of  this  unit. 

6.  It  is  desirable  that  the  different  governments  should  decide  that  the 
coins  issued  by  each  nation  in  conformity  with  the  uniform  system  pro- 
posed and  agreed,  should  have  legal  currency  in  all  other  countries. 

7.  It  is  desirable  that  the  system  of  double  standards  be  abandoned 
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wherever  it  yet  exists,  that  the  Bystem  of  decimal  numeratioii  be  uni- 
versally  adopted,  and  that  the  money  of  all  nations  be  of  the  same  fine- 
ness and  the  same  form. 

8.  It  ia  desirable  that  the  goyommcnts  should  come  to  an  understanding 
for  adopting  common  measures  of  control,  so  as  to  guarantee  the  inte- 
grity of  the  coinage  both  when  issued  and  whilst  in  circulation. 

Your  Committee  will  take  these  and  other  plans  for  the  decimalization  of 
the  coinage  into  their  serious  consideration,  and  as  soon  as  possible  will  en- 
deavour to  propound  one  which  they  hope  may  meet  aU  ilie  requirements 
of  the  question. 

In  conclusion,  your  Committee  are  happy  in  reporting  that  in  their  action 
they  have  obtained  the  valuable  cooperation  of  the  Council  of  the  Interna- 
tional Decimal  Association,  and  they  trust  that  in  the  difficult  and  extensivo 
task  they  have  before  them  they  wUl  obtain  the  active  sympathy,  and  assis- 
tance of  the  members  of  the  British  Association. 

The  labours  of  the  Conference  will,  we  trust,  place  the  great  and  difficult 
question  of  the  decimalization  of  the  coinage  in  the  United  Kingdom  on  a 
satisfiactory  basis ;  and  it  is  time  that  it  should  be  taken  up  in  a  practical  and 
business-like  manner. 

Your  Committee  are  perfectly  agreed  on  the  two  great  conditions  that  the 
coinage  should  be  international  and  decimal ;  but  they  have  not  yet  come  to 
a  satisfactory  conclusion  as  to  the  unit  which  would  best  satisfy  these  deside- 
rata. The  proposition  of  the  Conferences  to  take  the  £ve-£ranc  pieoe  in 
gold  as  a  basis  deserves  consideration,  though  as  a  unit  it  would  be  imprac- 
ticablo,  being  too  small  as  a  gold  coin,  very  easily  lost,  too  costly  to  produce^ 
much  subject  to  wear  and  tear,  and  not  sufficiently  largo  for  transactions  of 
finance  and  commerce.  The  five  francs  could  only  be  used  as  a  submultiple, 
and  upon  this  two  plans  have  been  presented.  One  is  to  take  the  10-franc 
piece  equivalent  nearly  to  100  pence ;  another  is  to  alter  the  sovereign  to 
the  exact  equivalent  of  25  francs.  The  Committee  will  carefully  consider 
these  and  other  plans,  with  a  view  to  the  realization  of  an  object  so  desirable 
as  an  international  coinage^  and  will  report  on  the  subject  in  due  time. 


Report  of  the  Committee  on  Standards  of  Electrical  Resistance. 

The  Committee  consists  of  Professor  Williamson,  Professor  Sir  C.  Wheat- 
stone,  Profpssor  Sir  W.  Thomson,  Professor  Miller,  Dr.  A.  Matthiesscn, 
Mr.  Fleemii^  Jenkin,  Sir  Charles  Bright,  Professor  Maxwell,  Mr.  C. 
W.  Siemens,  Mr.  Balfour  Stewart,  Mr.  C,  F.  Varley,  Professor  G.  C. 
Foster,  Mr.  Latimer  Clark,  Mr.  D.  Forbes,  Mr.  Charles  Hockin,  and 
Dr.  Joule. 

The  Committee  have  much  pleasure  in  reporting  that  during  the  past  year 
considerable  progress  has  been  made,  and  that  the  principal  instruments 
required  by  the  Committee  for  experiments  have  been  completed  and  are 
in  use. 

The  most  important  experiments  have  been  those  conducted  by  Dr.  Joule, 
having  for  their  object  the  determination  of  the  mechanical  equivalent  of 
heat,  by  observing  the  heat  generated  in  part  of  a  voltaic  drctiit,  the  resist- 
ance of  which  was  measured  in  absolute  units  by  means  of  the  standard  of 
resistance  issued  by  the  Committee. 
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Last  year  preliminary  oxperiments  of  this  kind  had  boon  made  by  Dr. 
Joule,  and  the  agrtjomcnt  which  he  then  reported  between  his  mechani- 
cal equivalent  obtained  by  frictional  experiments  and  that  obtained  by  the 
electrical  method  was  so  close  as  to  lead  to  a  suspicion  that  it  was  partly 
fortuitous. 

The  experiments,  which  have  this  year  been  conducted  with  every  pos- 
sible care,  give  783  as  the  value  derived  from  the  B.A.  standard  of  resist- 
ance, while  772  is  the  well-known  number  derived  from  friction. 

The  details  of  the  experiments  are  contained  in  an  Appendix  which  accom- 
panies this  Eeport.  Dr.  Joule  states  his  opinion  that  the  electrical  method 
has  been  carried  out  with  greater  accuracy  than  the  frictional  method, 
assuming  the  B.A.  standard  to  be  an  exact  decimal  multiple  of  the  absolute 
unit.  The  following  extract  from  Dr.  Joule's  Report  will  show  the  labo- 
rious nature  of  the  experiments.  He  says,  **  The  last  and  most  perfect  series 
of  experiments  comprise  thirty  for  the  thermal  effect  of  currents  in  the 
spiral,  thirty  for  the  effect  of  radiation  &c.,  and  thirty  for  the  horizontal 
intensity  of  the  earth's  magnetism."  Dr.  Joule  expresses  himself  willing 
to  make  a  new  determination  by  friction.  Meanwhile  the  experiments 
already  completed  remove  aU  fear  of  any  serious  error,  either  in  the  number 
hitherto  used  as  ''  Joide's  equivalent,"  or  in  the  B.A.  standard,  a  fear  which 
hitherto,  remembering  the  very  discrepant  results  obtained  by  others,  has 
been  very  naturally  entertained  even  by  the  Sub-committee,  from  whoso 
experiments  the  standard  was  constructed. 

In  connexion  with  the  measurement  of  resistances,  Mr.  C.  W.  Siemens 
has  invented  a  simple  and  excellent  contrivance,  by  which  the  measurement 
of  resistances  can  be  made  by  persons  wholly  unaccustomed  to  electrical 
experiments.  They  have  only,  after  the  necessary  connexions  are  made,  to 
turn  a  screw  till  a  needle  stands  opposite  a  fiducial  mark,  when  the  resist- 
ance required  may  be  read  directly  on  a  scale  with  considerable  accuracy. 
Mr.  Siemens  proposes  to  apply  this  invention  to  pjTometers,  where  the 
resistance  read  will  indicate  the  temperature,  and  the  only  electrical  con- 
nexions required  will  be  joining  of  the  battery  wires  to  two  terminals. 
Other  applications  of  this  invention  will  doubtless  arise,  and  extend  the 
practical  application  of  electrical  measurements.  A  full  description  of  the 
instrument  is  contained  in  the  Appendix.  Mr.  Siemens  reports  very  favour- 
ably of  this  instrument,  which  possesses  considerable  advantage  in  cheap- 
ness and  portability.  Mr.  Siemens  has  constructed  the  instrument,  and  made 
the  experiments  entirely  at  his  own  expense. 

An  instrument  similar  in  object,  and  suggested  by  the  above,  is  also 
described  by  Mr.  Jenkin  in  an  Appendix. 

Mr.  Hockin  has  tested  the  constancy  of  the  standard  resistance-units,  with 
satisfectory  results,  except  in  the  case  of  one  mercury  tube.  The  exact 
results  of  Mr.  Hockin's  comparisons  are  appended.  He  suggests  that  lead- 
glass  was  used  for  the  mercury  tube,  and  that  the  glass  may  consequently 
have  been  injured  by  the  nitric  acid  used  to  clean  it. 

Mr.  Hockin  has  also  made  interesting  experiments  on  the  construction  of 
large  resistances  by  the  use  of  selenium.  He  finds  that  resistances  of  one 
million  units  and  upwards  can  be  made  of  this  material,  and  that  these 
artificial  resistances  maintain  a  sensibly  constant  resistance  at  high  tempera- 
tures, such  as  100°  C.  It  is  hoped  that  these  very  high  artificial  resistances 
will  bo  found  useful  in  practice  and  much  superior  to  those  hitherto  con- 
structed of  gutta  percha,  or  other  insulators,  which  were  of  comparatively 
little  use  in  accurate  work,  owing  to  absorption,  change  of  resistance  with 
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temperature  and  inconstancy  when  kept  for  any  considerable  time.     Theso 
valuable  experiments  have  not  caused  any  expense  to  the  Association. 

The  determination  of  a  unit  of  capacity  has  occupied  Dr.,  Matthiesseny  Mr. 
Hockin,  Mr.  Foster,  and  Mr.  Jenkin  during  the  last  two  years. 

Very  considerable  difficulties  have  been  encountered,  and  are  not  yet  wholly 
overcome.  The  methods  by  which  both  the  electrostatic  and  electromagnetic 
units  can  be  determined,  and  midtiples  or  submultiples  prepared,  are  suffi- 
ciently simple  in  theory,  but  they  assume  that  the  condensers  or  Leyden 
jars  compared  have  reaUy  a  definite  capacity,  and  that  with  a  given  electro- 
motive force,  between  the  induction  surfaces,  a  definite  quantity  of  elec- 
tricity will  be  contained  in  the  jar  or  condenser.  This  is  very  far  from  true 
with  condensers  of  ordinary  form.  Whether  the  dielectric  separating  the 
plates  be  glass,  mica,  gutta  percha,  paraffin,  ebonite,  or  any  other  known 
solid  insulator,  an  absorption  of  electricity  takes  place ;  the  longer  the  plates 
are  charged,  the  more  dectricity  the  condenser  will  contain,  and  conversely, 
it  will  continue  to  discharge  itself  for  a  very  long  period  after  the  inner  and 
outer  armatures  have  been  joined.  With  some  of  the  best  insulators  the 
effect  will  continue  for  hours,  if  not  for  days.  Condensers  made  with  these 
solid  dielectrics  have  tlierefore  no  definite  measurable  capacity.  This  capa- 
city will  differ  according  to  the  time  during  which  they  have  been  charged, 
and  it  may  also  vary  with  extreme  variation  in  the  electromotive  forces  em- 
ployed, although  this  latter  change  has  not  been  detected  when  the  differ- 
ences of  potential  are  such  as  between  one  DanieU's  cell  and  two  hundred. 

Only  gaseous  dielectrics  appear  free  from  this  embarrassing  peculiarity,  called 
absorption,  polarization,  or  residual  charge.  One  object  of  the  Subcommit- 
tee has  therefore  been  to  construct  condensers  in  which  air  alone  separated 
the  induction-plates.  But  new  difficulties  arose  in  carrying  this  idea  into 
practice.  Some  support  for  each  plate  was  necessary,  and  then  leakage 
occurred  from  one  plate  to  another  over  the  surface  of  any  small  insulating 
supports  employed,  such  as  glass  balls  or  vulcanite  stems.  It  was  possible, 
by  great  care  in  drying  the  air,  occasionally  to  make  condensers  of  this  type, 
which  would  remain  insulated  for  a  short  time,  or  even  for  some  months ; 
but  long  experience  has  shown  that  an  artificially  dried  atmosphere  cannot 
be  conveniently  maintained  in  any  instrument  which  is  not  hermeticaUy 
sealed. 

.  Dust  also  accumulated  between  the  plates  of  the  trial-condensers ;  this 
altered  their  capacity  and  increased  the  leakage  from  plate  to  plate.  £ven 
a  single  filament  of  dust,  by  springing  up  and  down  between  tibe  two  elec- 
trified surfaces,  would  occasionally  bring  them  to  the  same  potential  with 
great  rapidity,  neutralizing  the  charge ;  moreover  a  condenser  of  this  type 
could  not  be  taken  to  pieces  and  cleaned,  for  no  mechanical  contrivances 
could  ensure  that  the  parts  after  cleaning  would  return  to  their  original 
position  so  exactly  as  to  constitute  a  condenser  of  the  same  capacity,  before 
and  after  the  cleaning.  It  is  therefore  clear  that  an  air-condenser  can  only 
bo  constructed  in  a  hermetically  sealed  case,  containing  an  artificially  dried 
atmosphere ;  and  even  with  these  conditions,  excluding  the  graduated  and 
adjustible  condensers,  which  were  first  tried,  the  air-condenser  is  not  easily 
constructed.  For  large  capacities,  which  are  alone  useful  in  connexion 
with  practical  telegraphy,  the  plates  require  to  be  so  numerous  and  large 
as  to  make  the  expense  great  and  the  bulk  very  inconvenient. 

It  is  hoped  by  the  use  of  tin  plates,  soldered  to  metal  rods,  and  supported 
on  insulated  stems  inside  a  soldered  metal  case,  that  these  objections  may  be 
partly  avoided ;  but  meanwhile  practical  men  have  introduced  condensers  of 
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a  more  convenient  form,  overlooking  the  disadvantage  T^hich  they  all  possess 
of  ill-defined  capacity. 

These  condensers  consist  of  sheets  of  tinfoil  separated  hj  paraffin  and 
paper,  a  preparation  of  gntta  percha,  or  mica — three  plans  adopted  by  Mr. 
Varley,  Mr.  Willoughby  Smith,  and  Mr.  Latimer  Clark  respectively. 

Condensers  of  this  type  have  been  made  approximately  equal  to  a  knot 
of  some  submarine  cable,  and  the  rough  units  thus  introduced  are  gradually 
creeping  into  use,  although  all  electricians  have  been  anxious  that  the  Com- 
mittee should  issue  a  more  scientific  standard.  Under  these  circumstances, 
Mr.  Jenkin  has  adjusted  a  mica-condenser,  approximately  equal  to  10~^^ 
absolute  electromagnetic  units.  The  capacity  of  this  condenser  is  assumed 
as  that  which  it  possesses  after  electrification  for  one  minute,  and  is  mea- 
sured by  the  discharge  through  a  galvanometer,  in  the  manner  usually  prac- 
tised when  testing  the  charge  of  a  submarine  cable.  The  formula  for  obtain- 
ing the  measurement  in  absolute  units  from  the  throw  of  the  needle  is  very 
simple,  requiring  only  observations  of  the  time  of  oscillation,  of  a  resist- 
ance in  absolute  measure,  and  of  a  deflection  of  the  galvanometer-needle. 
All  of  these  observations  can  readily  be  made,  so  that  their  accumulated 
error  cannot  exceed  one  per  cent. ;  and  for  the  present  purpose  this  accuracy 
is  sufficient,  inasmuch  as,  when  using  the  condenser,  small  variations 
inevitebly  occur,  arising  from  the  residual  discharge.  While  therefore  the 
new  provisional  unit  of  capacity  has  no  claim  te  a  high  scientific  accuracy,  it 
win  supply  a  practical  want  and  introduce  a  unit  based  on  the  principles 
adopted  by  the  Committee,  in  place  of  the  random  measures  supplied  by  a 
knot  of  Persian  Gulf  or  Atlantic  cable. 

No  decision  has  yet  been  arrived  at  whether  the  new  unit  shall  be  issued 
by  the  Committee,  or  on  Mr.  Jenkin's  own  responsibility,  nor  has  the  price 
been  fixed. 

The  experimente  by  which  it  has  been  obtained  are  given  in  an  Ap- 
pendix. 

The  practical  applications  of  the  stendard  of  capacity  are  important.  It 
will  allow  the  capacity  of  submarine  cables  to  be  universally  expressed  in 
comparable  figures,  and  may  lead  te  improvement  by  the  diminution  of  the 
specific  inductive  capacity  of  the  insulator,  precisely  as  the  introduction  of 
units  of  resistance  has  assisted  the  improvement  in  insulation  and  conduc- 
tivity. 

The  electromagnetic  capacity  stendard  will  also,  by  comparison  with  the 
electrostetic  stendard  about  te  be  made,  furnish  one  mode  of  determining 
the  constent  called  v  in  previous  Reports,  a  number  of  much  importenco  in 
the  theory  of  electricity. 

The  next  unit  or  stendard  for  consideration  is  that  of  the  difference  of 
potentials  or  electromotive  force  in  absolute  measure,  concerning  which  the 
experimente  have  been  wholly  in  Sir  WiUiam  Thomson's  hands.  He  reports 
that  he  has  at  last  succeeded  in  constructing  a  series  of  electrometers 
capable  of  measuring  differences  of  potential  ranging  from  ^^  of  a  Daniell's 
ccU  up  te  100,000  cells,  and  that  these  measuremente  can  all  be  reduced  to 
absolute  units  by  comparison  with  one  instrument  of  the  series. 

This  class  of  instrumente  has  been  created  by  Sir  William  Thom- 
son, who  year  by  year  has  produced  electrometers  each  surpassing  ite  pre- 
decessor, both  in  accuracy  and  deHcacy ;  but  although  those  who  have  had 
practical  experience  of  the  admirable  resulte  obtained  by  these,  have  for  the 
last  two  or  three  years  believed  that  the  limit  of  excellence  has  been  reached, 
Sir  William  Thomson  has  not  ceased  te  invent  better  and  simpler  forms,  until 
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the  inBtraments  now  supplied  surpass  every  expectation  of  practical  eloctri* 
clans  and  furnish,  indeed,  a  new  engine  for  electrical  research. 

The  chief  difficidties  encountered  have  been  the  insulation  of  the  Leyden 
jar,  which  has  formed  an  essential  part  of  all  the  contrivances,  its  main* 
tenancc  at  a  constant  potential,  and  the  reduction  to  absolute  measurement ; 
in  the  present  instrument  absolutely  perfect  insulation  is  no  longer  required ; 
for  by  a  new  device  for  converting  mechanical  force  into  statical  electricity 
(first  constructed  by  Mr.  Yarloy  in  1859)  Sir  William  Thomson  is  able  at  any 
moment  to  replenish  the  jar  by  a  few  turns  of  a  handle,  and  by  a  gauge 
electrometer,  he  can  insure  that  the  same  charge  is  constantly  maintained 
in  the  instrument.  Glie  difficulty  of  the  reduction  to  absolute  units  consists 
in  the  difficulty  of  comparing  the  extremely  small  forces  produced  by  electro- 
static attraction,  with  the  force  of  gravitation,  and  in  the  accurate  measure-^ 
mcnt  of  the  extremely  small  distances  which  separate  the  attracting  surfaces. 
Sir  William  Thomson  reports  that  these  difficulties  have  been  overcome  in  his 
opinion,  and  that  he  wiU  be  shortly  in  a  position  to  construct  and  issue  a 
simple  pattern  of  an  absolute  electrometer  or  gauge  of  potential  which  will 
serve  as  a  standard  for  general  use. 

Further  experiments  and  tests  are,  howeveri  required  before  this  can  be 
done,  as  any  precipitation  would  only  injure  the  interests  of  the  Cbmmitteo. 
It  is  right  here  to  mention  that  the  above  experiments  have  been  carried 
out  almost  entirely  at  the  expense  of  Sir  W^iUiam  Thomson. 

The  roplenisher,  which  is  founded  on  the  principle  of  the  electrophoms, 
may  very  possibly  supersede  the  old  form  of  electrical  machine  entirely ;  it 
has  some  analogy  with  the  electromagnetic  machines  lately  invented  by 
Mr.  C.  W.  Siemens  and  Professor  Wheatstone,  by  which  intense  dynamic 
e£fects  are  evolved  from  the  smallest  initial  trace  of  magnetism,  by  the  con- 
version of  mechanical  force  into  electric  currents,  and  was,  indeed,  sug- 
gested by  this  invention  to  Sir  William  Thomson,  who  reinvented  the  plan 
patented  by  Mr.  Varley*. 

A  modification  of  the  same  contrivance  will  allow  the  comparison  of  ex- 
tremely minute  quantities  of  electricity,  such,  indeed,  as  might  be  accnmtdated 
on  a  pin's  head ;  by  a  series  of  rapid  inductions  a  charge  is  accumulated  on 
the  electrode  of  an  electrometer,  which  may  be  made  equal  in  potential  to 
that  on  the  pin's  head,  but  infinitely  exceeding  it  in  quantity ;  the  effect  of 
this  charge  in  the  electrometer  can  then  be  observed  without  difficulty,  and 
any  increase  or  diminution  in  the  quantity  of  electricity  on  the  pin's  head 
or  proof  plane  can  be  detected,  and  the  rate  of  loss  or  increase  observed. 
The  potentials  to  which  various  small  bodies  are  charged  can  also  be  observed 
by  the  same  method,  the  advantage  of  which  consists  in  the  fact  that  the 
original  char/^e  on  the  body  tested  is  undisturbed  by  the  test,  whereas  by 
any  of  the  older  tests  the  charge  was  altered  by  being  touched  by  a  proof 
plane  or  by  the  electrode  of  the  electrometer. 

A  similar  plan  has  already  been  proposed  by  Mr.  Varley  and  Sir  William 
Thomson,  with  a  water-dropping  arrangement,  but  the  mechanical  contrivance 
is  in  aU  ways  preferable.  No  expense  has  been  incurred  by  the  Committee  for 
these  instruments  or  experiments. 

Passing  to  the  unit  of  current,  the  Committee  regret  that  no  experiments 
have  yet  been  made  with  the  large  absolute  electrodynomometer  constructed 
with  the  funds  granted  by  the  Royal  Society.  Much  difficulty  has  been 
experienced  in  finding  a  sufficiently  solid  foundation  in  London,  and  probably 
the  instruments  must  be  moved  into  the  country  for  accurate  use. 

*  A  ffimilnr  plan  was  proposed  bjr  Mr.  Kicholson  in  1765:  tide  Phil.  Trans. 
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A  portable  electrodynomometer  has  been  constructed  which  will  be  suit- 
able  for  distribution  as  a  standard  instrument.  It  can  be  compared  with  the 
large  absolute  iustrument,  and  can  also  bo  compared  directly  with  the  most 
sensitiTe  astatic  galvanometers  yet  made,  as  has  been  already  proved  by  expe- 
riment. These  instruments  cannot  be  distributed  until  further  experiments 
on  their  constancy  have  been  made. 

Sir  William  Thomson,  at  his  own  expense,  has  also  constructed  an  electro- 
dynamometer  for  absolute  measure.  His  results  will  check  those  obtained  in 
London,  and  the  portable  standard  will  also  be  tested  by  being  sent  backwards 
and  forwards  between  Glasgow  and  London,  to  be  compared  alternately  with 
the  absolute  instruments. 

The  determination  of  "  v,"  the  ratio  between  the  electrostatic  and  electro- 
magnetic units,  is  also  an  object  pursued  by  the  Committee.  Sir  William 
Thomson  has  made  preliminary  experiments,  and  has  obtained  numbers  for 
this  constant  by  the  aid  of  the  absolute  electrodynamometer,  and  the  absolute 
electrometer  already  named.  The  number  he  has  obtained  differs  so  consider- 
ably from  that  hitherto  received  that  he  prefers  to  extend  his  experiments 
before  publication.  The  same  remark  applies  to  the  measurement  of  the 
electromotive  force  of  a  Daniell's  cell,  made  by  the  absolute  electrometer. 

It  is  hoped  that  the  present  Ileport  contains  satisfactory  evidence  that  valu- 
able work  is  being  done  by  the  Committee,  and  that  the  sums  of  money 
UberaUy  granted  by  the  Association  have  been  expended  on  proper  objects. 

It  will  be  seen  that  these  grants  have  stimulated  further  expenditure  on 
the  part  of  more  than  one  member ;  and  thanks  are  also  due  to  the  Mectiio 
and  International  Telegraph  Company,  for  the  liberality  with  which  they 
have  lent  large  batteries,  thereby  saving  much  expense.  The  Committee  are 
williiig  to  be  reappointed,  and  require  no  grant  of  money  for  the  ensuing 
year. 


APPENDIX; 

I.  Ona  "  Eeststance-Measurer,'*    By  C.  W.  Siemens,  F,B,S, 

For  the  measurement  of  small  resistances  the  method  formerly  employed 
was  that  of  the  tangent  galvanometer,  which  method  is  still  valuable  in  the 
determination  of  resistances  which  are  inseparable  from  a  difference  of  electric 
potential,  such,  for  instance,  as  a  galvanic  element. 

In  measuring  wire-resistance,  more  accurate  and  convenient  methods  have 
been  devised,  amongst  which  that  of  the  common  differential  galvanometer 
and  that  known  as  Wheatstone's  balance  hold  the  most  prominent  places. 

But  both  these  systems  have  disadvantages  which  render  them  insufficient 
in  a  great  many  cases.  For  instance,  in  the  first  method  a  well-adjusted  vari- 
able-resistance-coil is  necessary,  which,  if  the  method  is  intended  to  be  appli- 
cable between  wide  limits,  will  have  impracticable  large  dimensions.  The 
bridge  method,  though  very  beautiful,  requires  three  adjusted  coils,  and  fre- 
quently gives  rise  to  calculations,  which  renders  it  unavailable  for  unskilled 
operators.  The  sine  method,  which  is  the  most  suitable  for  measuring  great 
resiBtances,  requires  even  a  superior  amount  of  skill  and  mathematical  know- 
ledge on  the  part  of  the  operator. 

Many  years'  experience  of  these  methods  made  me  feel  the  want  of  an  in- 
strument which  would,  by  its  simplicity  of  conptruction  and  ease  of  maniptda- 
lion,  bo  capable  of  employment  by  an  unskilled  operator  with  a  degree  of 
exactness  equal  to  that  of  the  bridge  method. 
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The  condition  upon  which  such  an  instrument  could  be  suocessfnl  appeared 
to  be  the  following : — 

1.  The  employment  of  a  zero  method,  by  which  the  galvanometer-needle 
should  always  be  brought  to  the  direction  of  the  magnetic  meridian,  or  the 
same  given  point  upon  the  scale,  and  therefore  be  independent  of  the  unknown 
function  of  the  angle  of  deflection. 

2.  The  readings  to  be  made  upon  a  simple  lineal  measure  divided  into  equal 
parts  signifying  equal  units  of  resistance. 

3.  The  employment  of  a  single  and  unalterable  comparison-resistance. 
The  apparatus  constructed  to  fulfil  these  conditions  is  represented  by  the 

following  diagram : — 


Two  equal  and  parallel  helices,  h  and  h'y  are  fixed  upon  the  common 
slide  8  s\  which  moves  in  the  direction  of  its  length  between  guide  rollers. 
This  motion  is  eifected  by  the  end  s  armed  by  a  facing  of  agate,  which 
presses  against  the  face  of  the  metal  curve  c  c\  The  latter  is  fixed  upon  a 
slide  moving  in  a  groove  in  the  rule  d  d\  at  right  angles  in  the  direction  d  d'  by 
means  of  a  milled  head  i,  on  the  axis  of  which  is  a  pinion  gearing  into  a  rack 
underneath  the  straight  edge  of  the  curve  c  c\  The  rule  d  5'  is  graduated  in 
equal  parts ;  and  opposite  to  the  divisions  is  a  nonius  up  the  straight  edge  and 
the  curve,  to  divide  each  degree  into  ten  parts.  Whenever  the  milled  head 
ty  therefore,  is  turned,  the  position  of  the  curve  is  altered ;  and  as  the  point  b 
of  the  bobbin- slide  is  pressed  against  it  by  means  of  a  spring,  the  bobbin  fol- 
lows it  in  all  its-movements. 

The  wires  of  the  two  bobbins  are  connected  togetlier,  in  the  common  point 
a,  with  the  pole  of  a  galvanic  battery  «,  the  other  pole  being  connected  with 
two  resistances  R,  and  through  these  with  the  remaining  end  of  the  galvano- 
meter-helices. The  resistance  R  is  made  constant,  and  adjusted  so  that  when 
.r=0  the  index  of  the  curve  stands  exactly  opposite  the  zero  of  the  graduated 
scale  d  <f',  the  unknown  resistance  being  represented  by  x. 

It  is  evident  that,  the  resistance  in  the  bobbins  being  equal,  as  also  their 
dimensions  and  initial  magnetic  effects  upon  the  needle  suspended  between 
them,  if  we  make  the  resistance  x  equal  to  R,  the  current  in  the  two  branches 
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will  be  equal,  and  the  magnet-needle  therefore  balanced  between  them  only 
when  the  helices  are  equally  distant  from  it.  Should,  however,  either  of  these 
resistances  preponderate,  the  strength  of  current  in  that  branch  will  be  les- 
sened ;  and  in  order  to  reestablish  the  balance  it  will  be  necessary  to  shift  the 
bobbins,  approaching  the  one  in  which  the  weaker  current  is  circulating  towards 
the  suspended  magnet. 

The  instrument  is  erected  upon  a  horizontal  metal  table  standing  upon 
three  leTelling-screws.  The  bobbin,  the  suspended  magnet,  and  dial  plate  for 
observing  the  zero  of  the  pointer  are  contained  in  a  glass  case,  supported  by 
four  brass  pillars.  The  instrument  is  supplied  with  terminals  for  the  battery- 
connexions,  and  a  current-breaker  for  interrupting  the  battery-circuit.  Oppo- 
site to  these  are  four  terminal  screws  for  receiving  the  ends  of  the  resistances 
E  and  j?,  with  contact-plugs  between  them,  in  order  to  quickly  establish  a 
short  circuit  in  case  the  operator  should  be  in  doubt  towards  which  side  he 
has  to  move  the  adjusting-curve.  Two  constant  resistances  accompany  the 
apparatus  B — ^that  which  is  used  during  the  measurement,  and  a,  a  resistance 
of  known  value,  which  is  introduced  between  the  terminals  x  in  order  to 
enable  the  operator  for  his  own  security  to  make  a  control  measurement  by 
which  he  may  verify  the  accuracy  of  the  instrument  at  any  time.  Another 
purpose  of  this  resistance  is  to  facilitate  the  readjustment  of  the  zero-point,  in 
case  the  galvanometer  should  at  any  time  be  cleaned  or  a  new  silk-fibre  put  in. 

In  constructing  the  sliding  curve  of  this  instrument,  it  might  be  determined 
by  calculation  from  the  formula  given  by  Weber  for  the  deflection  produced  by 
a  circular  current  of  known  magnitude  upon  a  magnetic  point,  and  from  the 
given  distance  of  the  coils  from  each  other.  I  prefer,  however,  in  practice  to 
determine  the  curve  of  each  separate  apparatus  empirically,  because  it  is  not 
possible  to  coil  a  helix  mathematically  true,  or  to  set  it,  when  coiled  absolutely 
at  right  angles  to  the  plane  of  its  horizontal  motion. 

In  the  determination  of  each  curve  I  use  a  delicately  adjusted  rheostat  or 
scale  of  resistances  in  the  circuit  of  x,  giving  it  varying  values  corresponding 
to  the  equal  divisions  of  the  engraved  scale,  and  constructing  the  curve  accord- 
ing to  the  position  which  it  is  found  necessary  to  give  to  the  point  8  in  order 
to  arrive  at  the  magnetic  balance.  With  each  instrument  it  would  be  possible 
to  have  two  values  of  E — one  expressed  in  mercury  and  the  other  inB.A.  units; 
and  in  order  to  measure  at  pleasure  in  either  of  these  units,  it  would  only  be 
necessary  to  insert  the  one  or  other  between  the  terminal  screws  for  R. 

The  instrument  has  been  found  to  be  very  convenient  for  the  measurement 
of  the  wire-resistances  of  overland  lines,  or  for  the  reading  of  resistance  ther- 
mometers ;  it  reduces  the  operation  and  the  observation  of  the  zero  position  of 
a  needle,  and  the  reading  upon  a  graduated  scale,  which  can  be  pexf  ormed  by 
a  person  of  ordinary  intelligence  without  experience  in  electrical  measurement. 
In  accuracy  and  range  it  equals  the  bridge  method,  while  as  regards  portability 
and  cheapness  of  apparatus  the  advantages  are  decidedly  in  its  favour*. 

II.  On  a  Modification  of  Siemen^s  Resistance-Measurer. 
By  Eleehhto  Jenkin,  F,R.S. 
The  following  method  of  measuring  resistances  was  suggested  to  Mr.  Jenkin 
by  the  above  invention  of  Mr.  Siemens : — 
Let  two  tangent  galvanometer-coils  of  equal  magnetic  moment  be  fixed 

*  I  have  Utel^  constructed  the  same  instrument  on  this  principle  with  a  circular  instead 
of  a  straight  sliding-piece,  which  gives  the  adTantage  of  a  longer  graduated  scale  in  the 
form  of  a  circle.  The  circular  sliding  curve  is  adjust<xlby  radial  set  screws  in  a  solid  ring 
working  in  a  V-groore  round  the  galvanometer. 
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together  at  right  angles,  with  a  Bhort  magnet  hung  in  their  centre,  having 
a  long  light  index  pointing  at  a  fidacial  mark  when  the  needle  is  in  the 
magnetic  meridian.  Let  the  hattery  and  ooiis  be  bo  joined  that  the  ouixent 
shall  divide  in  the  ratio  of  the  reaiBtances  in  the  two  ooilB,  and  shall  pass  in 
Buch  a  direction  as  to  tend  to  torn  the  needle  in  opposite  directions. 


\ 


\ 


:)f 


Jl 


/ 


/ 


B- 


Tho  dotted  lineB  show  the  position  of  ooila  when  the  cuirent  is  passing. 

Let  one  coil  with  a  resistance  B  at  the  beginning  of  the  experiment  stand 
in  the  magnetic  meridian,  and  the  other  coil  with  a  resistance  E^  m  a  piano 
perpendicular  to  the  meridian ;  and  when  the  current  is  passing  in  such  a 
direction  that  R  tends  to  turn  N  S  in  the  direction  of  the  arrow,  let  the  coila 
be  turned  till  the  needle  is  again  brought  to  the  fiducial  point  and  the  coil  H, 
•makes  an  angle  ^  with  the  magnetic  meridian,  then  we  have  R  s  tan  <^  11, ; 
for  the  force  exerted  by  the  coil  Rj  to  deflect  the  needle  in  the  direction  of 
the  arrow  will  then  equal  m  sin  ^  ;  the  force  exerted  by  the  coil  R  to  deflect 
the  needle  in  the  opposite  direction  will  be  w^  cos  ^ ;  and  we  have  «•  sin 


m. 


0=wij  cos  0,  or  — -^aatan  0,  where  m  and  m^  are  tho  couples  experienced  by 
the  magnet  under  the  action  of  the  two  coils,  but  as  we  have  Bupposed  these 

Ml  R 

coils  to  have  equal  magnetic  moments  with  equal  currents,  *r''='g*  *  there- 
fore Rstan  ^  R^.  R  and  R^  need  not  be  the  resistanceB  of  the  galvano- 
meter-coils only,  but  may  consist  of  two  parts,  Q  +  r  and  Gj  ■}-  r^,  where 
G  and  G^  are  the  resistances  of  the  galvanometer-coils,  but  r  and  r,  are 
added  resistances.  Thus,  when  G  Gj  and  r  are  known,  r^  can  be  obtained  by  a 
simple  observation. 

H  G  +  r  be  one,  one  hundred,  or  one  thousand  units,  the  resistance  of  r, 
will  be  equal  to  the  tangent  of  (^,  or  to  one  hundred  or  ono  thousand  times 
that  tangent  respectively  minus  in  «ach  case  a  constant  «■  G^. 

If  the  range  of  tho  instrument  were  not  required  to  be  very  great,  the  coils 
would  be  turned  by  the  pushing  of  a  straight  sHde,  equal  divisions  on  which 
would  correspond  to  equal  increments  of  the  tangent  of  ^ ,  and  the  scale  would 
be  numbered,  so  that  the  resistance  r^  should  be  read  off  directly,  as  in 
Mr.  Siemens's  instrument. 

The  tangent  coils  should  be  mado.of  German-silver  wire,  and  might  bo 
arranged  as  practised  by  Helmholts  and  G^ugain.  Theoretically,  the  range 
of  each  instiiiment  would  be  infinite;  tre,  any  instrument  would  be  capable 
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of  measuring  an  infinitely  smaU  or  infinitely  laige  resUtanoe ;  but  dearly  the 
i«fflfltance  of  G  +  r  should  be  so  arranged  in  each  case  that  the  angle  ob- 
ser^  was  not  very  different  from  45°.  The  range  of  the  instrument  may 
De  lurther  increased  by  the  use  of  elements. 

m.  Comparison  of  B.A.  Units  to  be  deposited  at  Kew  Observatory. 

By  C.  HocKiN. 
The  following  Table  shows  the  value  of  the  different  copies  of  the  B.A. 
units  that  have  been  made  for  preservation  at  Kew  :— 


Hiaterial  of  ooil. 


Platinnm-iridiuin  alloy... 

Platinam-iridium  alloy. . . 
Gold-silyer  alloy   


Gk>ld-silyer  alloy 


Platmam 


Platinum 


Platinuni'silTer  alloy. 


♦Mercury 


Mercury. 
MereuTy. 


No  of 
ooU. 


10 
58 

35 

30 

43 

T. 

II. 

ni. 


Date  of  obserratiou. 


r    January  4,  1866 

\    June   6,  1865 

I  February  10, 1867 

January  4,  1865 

'  June    6,  1865 

February  10,  1867 

January  5,  1866 

\  February  10,  1867 

f  April   10, 1865 

\  June    6,  1865 

I  February  10,  1867 

f January  7,  1865 

\  August    18,  1866 

[February  10,  1867 

f  January     7,  1865 

\  August     18,  1866 

L  February  10,  1867 

f  February  15,  1865 
March  9,  1865 
February  10,  1867 
February  2,  1865 
July  18,  1866 
February  11,  1867 
February  3, 1865 
August  18,  1866 
February  11,  1866 
February  11,  1867 


Tempera- 

tures at 

which  coil 

Observer. 

has  a  resist'- 

anoe=10'"- 

15°50. 

O.H. 

16-0 

A*  JM.. 

160 

O.H. 

15-3 

C.H. 

15-8 

A.M. 

15-8 

O.H. 

15^ 

A.  M. 

15-6 

O.H. 

15-3 

A.  JM.« 

15-3 

A.M. 

15-3 

O.H. 

15-7 

O.H. 

15-7 

A«  JM.. 

15-7 

O.H, 

15-6 

C.H. 

15-6 

A.M. 

15-7 

O.H. 

15-2 

C.H. 

15-2 

A.M. 

15-2 

0.  ir. 

160 

A.M. 

160 

A.M. 

16-7 

O.H. 

14-8 

A.M. 

14-8 

A.M. 

14-8 

O.H. 

17-9 

O.H. 

*  The  alteration  of  th]»ooil,ob0erT6don  February  11, 1867,  is  due,  no  doubt,  to  a  defect 
obserFed  in  the  glass  tube. 

The  tube  was  of  lead-glass.  Perhaps  the  strong  nitric  acid  used  to  clean  the  tube 
attacked  the  glass.     A  new  mercury  unit  (Jfo.  lu.)  was  made  in  consequence  of  this 

The  apparent  alteration  in  the  platinum-indium  ooils  from  the  first  value  found,  I  believe 
to  be  owing  to  a  clerical  error.  No  alteration  has  been  observed  in  them  since  the  second 
observation  made  b^  Dr.  Matthiessen  in  June  1865. 

The  values  given  in  the  above  Table  are  deduced  from  the  German-silver  coil  called  B, 
UBed  in  your  Committee's  ox|)eriment8  in  1864.  This  coil  was  found  (by  comprison  with 
copies  made  in  1864,  of  gold-silver,  German  silver,  and  platinum  Hilver)  not  to  have  altered. 
1  he  ooil  B  was  also  compared  with  the  coil  (June  4)  used  in  1863,  and  the  ratio  of  tiie 
two  coils  was  found  not  to  have  altered. 


lY.  Experiments  on  Capacity.    By  Fleeming  Jekkut,  F.E,S. 

The  capacity  of  a  condeii£er  made  of  mica  and  tinfoil  was  adjusted  bo  as 
to  be  approximately  equal  to  10~^*  dectromagneiic  absolute  units,  according 
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to  the  following  experiments.  The  capacity  of  any  condenser  can  be  directly 
measured  in  absolute  measure  by  the  following  formula  applying  to  the  effect 
of  a  single  discharge  from  the  condenser  through  a  galvanometer : — 

IT  Kj 

(vide  Report,  1863,  Appendix  C,  p.  144),  where  Rj  is  the  resistance  of  a 
circuit  in  which  the  electromotive  force  used  to  charge  the  condenser  would 
produce  the  unit  deflection,  while  i  is  the  angle  to  which  the  needle  is  ob- 
served to  swing  from  a  position  of  rest,  and  is  half  the  period  or  time  of  a 
complete  oscillation  of  the  needle  of  the  galvanometer  under  the  influence  of 
terrestrial  magnetism  alone. 

This  formula,  which  is  analogous  to  that  for  any  ballistic  pendulum  acted 
upon  by  a  known  impulse,  supposes  that  the  whole  impulse  is  given  in  a  time 
very  short  as  compared  with  t,  and  it  also  supposes  that  the  deflection  t  is 
unimpeded  by  friction. 

I  employed  a  Thomson's  astatic  reflecting  galvanometer  with  double  coils 
of  German-silver  wire.  The  oscillations,  with  the  usual  mirror  and  magnet, 
subside  so  rapidly  that  t  cannot  be  measured  with  accuracy,  and  t  is  very 
sensibly  affected  by  the  resistance  of  the  air ;  to  obviate  this  I  attached  a 
brass  ball  to  the  lower  magnet  of  the  galvanometer,  weighing  55  grains*. 

A  single  floss-silk  flbre  can  just  support  this  weight,  under  which  it  con- 
tinues to  stretch  sensibly  for  about  three  days.  In  order  that  the  discharge 
from  the  condenser,  electrified  by  from  20  to  30  cells,  should  have  force  to  move 
this  heavy  ball  through  a  sensible  angle,  the  galvanometer  was  made  highly 
astatic,  and  then  I  found  that  with  even  a  single  cocoon  flbre  the  needle  did 
not  return  to  zero  within  three  or  four  divisions  of  the  scale  for  some 
minutes,  exhibiting  a  kind  of  viscosity.  The  floss-silk  fibre,  though  much 
weaker,  gave  a  very  constant  zero.  The  value  of  t  with  the  weighted 
needle  seldom  differed  much  from  20  seconds,  and  the  times  coidd  be  observed 
for  10  or  11  minutes,  during  which  time  t  was  found  to  remain  sensibly 
constant.  As  there  was  no  difficulty  in  observing  the  times  of  oscillation 
within  one  second,  it  mav  be  said  that  the  observed  value  of  t  was  correct 
within  one  part  in  600.  Greater  accuracy  was  not  required,  as  the  possible 
error  from  other  sources  considerably  exceeds  this.  Twenty  DanieU's  ceUs 
were  used  to  charge  the  condenser,  and  the  discharge  observed  was  about 
180  divisions ;  but  the  observations  were  recorded  within  a  quarter  of  a 
division :  as  this  is  done  by  estimating  the  x)08ition  of  the  reflected  spot 
stationary  between  the  two  black  lines  of  the  scale  for  an  almost  insensible 
time,  it  would  not  be  right  to  assume  that  the  deflection  i  is  observed  with 
greater  accuracy  than  one  part  in  400.  When  the  spot  of  light  returned 
after  making  one  complete  oscillation,  the  diminution  in  the  deflection  was 
from  10  to  12  divisions  ;  one  quarter  of  this  amount  was  therefore  added  as 
correction  in  each  case  to  the  deflection  observed.  The  resistance  of  the 
whole  circuit  was  composed  of  the  battery  resistance,  that  of  German-silver 
resistance- coils,  and  of  the  German-silver  coils  in  the  galvanometer;  no 
considerable  variation  could  therefore  occur  except  in  the  battery,  which 
formed  only  a  small  portion  of  the  total  resistance.  The  coils  (adjusted  by 
Mr.  Hockin)  are  probably  correct  within  one  part  in  a  thousand,  and  the 
measurement  of  the  galvanometer-coils  is  equally  well  known. 

Erom  what  has  been  said,  it  might  bo  expected  that  the  capacity  of  any 
condenser  could  be  obtained  with  an  accuracy  of  one  part  in  400  or  500  at 

♦  The  ball,  two  magnets,  mirror,  and  connecting  bar,  forming  the  whole  Buspended 
system,  weighed  57i  grains. 
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least;  bat  successive  discharges  were  occasionally  found  to  differ  by  as  much 
as  two  divisions,  though  this  amount  of  discrepancy  was  rare.  It  was  duo 
partly  to  the  residual  effect  of  former  charges  in  the  condenser,  though  great 
care  was  taken  to  avoid  this,  partly,  it  is  believed,  to  slight  changes  in  the 
electromotive  force  of  the  battery  (which  was  not  in  very  good  order,  the 
discharges  being  generally  less  toward  the  end  of  a  set  of  experiments),  and 
partly  to  slight  motion  of  the  needle  at  the  moment  of  taking  the  discharge. 
This  last  source  of  error  made  it  impossible  to  make  the  observations  in  Lon- 
don ;  even  in  the  country  the  needle  was  seldom,  if  ever,  absolutely  still, 
though  the  oscillations  were  generally  less  than  one  division.  The  variation 
of  the  electromotive  force  and  resistance  of  the  battery  when  taking  a  per- 
manent deflection  was  another  source  of  error.  Owing  to  the  great  inertia 
of  the  swinging  parts,  no  observation  could  be  taken  until  the  current  had 
been  flowing  for  at  least  a  minute,  and  often  more ;  and,  especially  when  small 
resistances  were  used,  the  deflections  visibly  diminished  with  time.  Owing  to 
all  these  causes,  I  do  not  depend  on  the  results  obtained  as  certainly  accurate 
within  less  than  one  per  cent.  This  is  the  less  to  be  regretted,  as  the  capacity 
of  a  mica  condenser  is  very  ill  deflned  within  wide  limits,  owing  to  absorption. 
The  condenser  used  consisted  of  38  plates  of  mica,  about  0'003  in.  thick^  and 
having  a  drcidar  piece  of  tinfoil  3  in.  in  diameter  cemented  to  each  side  of  the 
mica,  with  a  piece  of  each  tinfoil  projecting  beyond  the  mica  so  as  to  join  all 
tiie  upper  tinfoils  and  all  the  lower  tinfoils  together,  and  form  the  inner  and 
outer  armature  of  the  condensers.  This  plan  has  for  some  time  been  practised 
by  Mr.  Latimer  Clark,  and  makes  a  very  constant  and  well-insulated  condenser, 
extremely  easy  to  adjust  roughly  by  altering  the  number  of  the  mica  plates,  and 
for  small  corrections  by  cutting  away  portions  of  the  tinfoil  from  the  top  plate. 
Mica,  like  all  other  solid  dielectrics  with  which  I  am  acquainted,  apparently 
absorbs  electricity  to  a  very  large  extent,  and  continues  to  do  so  for  a  long 
time,  discharging  it  at  first  rapidly,  but  at  the  last  very  slowly  indeed,  so  that 
a  complete  discharge  is  not  effected  for  hours.  The  total  capacity  of  the  con- 
denser varies  therefore  as  the  time  varies  during  which  it  is  charged,  and  the 
apparent  discharge  varies  with  the  time  during  which  we  measure  it ;  for 
instance,  if  we  merely  observe  the  discharge  due  to  a  momentary  contact, 
we  shall  obtain  a  different  result  from  that  given  when  we  maintain  the 
contact  all  the  time  the  needle  is  swinging ;  the  result  will  also  vary  in  the 
ktter  case  with  the  time  of  oscillation  of  the  galvanometer  needle.  If  the 
needle  oscillates  slowly,  it  will  be  acted  upon  by  a  greater  quantity  of  elec- 
tricity than  if  oscillating  rapidly.  Thus,  in  one  experiment,  the  deflection, 
when  the  discharging  contact  was  permanently  maintained,  weis  166  divisions, 
when  a  momentary  contact  was  made  by  a  blow  it  was  only  156°.  When 
the  contact  was  made  for  about  1*7  second  the  deflection  was  161,  and  when 
the  contact  was  maintained  for  3*4 '  seconds  the  deflection  was  164 ;  the 
TTifi-yJTTmTn  deflection  of  166  was  reached  after  5  seconds :  these  experiments 
show  that  when  the  needle  had  travelled  two-thirds  of  its  maximum 
distance,  the  current  being  discharged  exercised  a  very  sensible  influence  on 
the  deflection.  The  ballistic  formula  is  therefore  not  strictly  applicable  to  a 
case  of  this  kind,  and  a  different  result  would  be  obtained  with  a  galvano- 
meter oscillating  either  more  or  less  quickly  than  the  one  I  used.  It  seemed 
therefore  unnecessary  to  tako  great  precautions  or  to  aim  at  any  high  degree 
of  accuracy ;  and  my  object  has  simply  been  to  provide  a  unit  for  cable-testing 
which  shall  be  approximately  equal  to  the  ideal  standard  chosen  by  the  Com- 
mittee, and  which  can  be  used  with  at  least  as  great  accuracy  as  those  copies 
of  Imots  of  Atlantic  or  Persian  Gulf  cables  hitherto  used. 
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The  value  of  B-i,  in  the  formtila  given  at  the  commencement,  was  fonnd 
by  two  methods,  which  we  will  call  the  indirect  and  direct  method.  In 
the  indirect  method  three  seta  of  resistance-coilfl,  a,  h,  c,  were  arranged 
as  in  fig.  1,  with  a  battery  B,  and  a  galvanometer  G,  and  a  shunt  Z,  oqnal 

Fig.  1.  Fig.  2. 


in  resistance  to  -A^  of  the  galvanomctor-coils.  The  resistance  o  was  made 
equal  to  1000  units,  and  the  resistances  a  and  h  adjusted  until  a  convenient 
deflection  was  obtained  on  the  galvanometer;  the  resistance  a  was  next 
changed  to  a^,  and  h  was  then  altered  to  5^,  so  as  to  give  the  same  deflection 
as  before  on  the  galvanometer  G.  Then  caUing  d  the  deflection  observed,  G 
the  resistance  of  the  galvanometer,  we  have 

R.=„.  {  (a.-a)(i±£±|f  H^^±^±i£)-4  , 

a  formula  for  which  the  resistance  of  the  battery  need  not  be  calculated 
(»=1000). 

The  second  or  direct  method  of  obtaining  R^  was  first  to  calculate  the  resis- 
tance of  the  battery  B  by  the  following  formula  (fig.  2) : — h  and/  at^  variable 
resistances ;  g  the  resistance  of  the  shunted  galvanometer  as47*2  in  my  ex- 
periments ;  break  the  circuit  at  /,  and  adjust  ^  tOl  a  convenient  reading 
is  obtained  ;  then  join  /,  as  shown  in  the  sketch,  and  adjust/  and  h  until  the 
same  deflection  is  obtained  as  before ;  then,  calling  h^  the  last  resistance  at  h, 
we  have 


B. 


Secondly,  a  direct  deflection  d  was  obtained  with  a  resistance  Jc  in  cir- 
cuit; then  R,=wc^  (^+B+^). 

The  following  is  a  record  of  the  experiments  made  in  chronological 
order : — 

September  22. — Discharge, — ^Yalues  of  i  after  charging  for  one  minute 

with  20  cells  :— 

I**.  2«.  3*.  4^  5^.  Mean. 

167  167  166  166  166  166 

Adding  2*5  to  compensate  for  portion  of  air  tB=:168*5,  and  the  angle  being 
very  smaU,  sin  1 1= 84*25. 
Test  for  insulation ;  discharge  after  one  minute's  insulation  154. 
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Times. — ^First  four  OBcUlations;  the  spot  crossed  the  central  point  in  the 
same  direction  at 

0'35",    0'66",    rUi",    r83"; 
last  fonr  oscillations, 

9' 13",    9' 32",    10' 10",    10' 29". 
Total  number  of  oscillations  31.    Mean  value  of  2t^l9'  15". 
Value  of  By    Indirect  method : — 

a,  a..  b,  b^.  e.  d,  R.  Ohm's. 

1°. . .  .8000      10000        1000        649        1000        276i        6-17  x  10» 
2°.... 6000        8000        1000        675        1000        854^        517    ,, 
8°.... 8000      10000        1000        647        1000        274i        512    „ 
4°.... 6000        8000        1000        574        1000        856i        518    „ 
Mean  value  of  E^  in  absolute  measure  6*16  x  lO^*.    Value  of  8,  99-53  x  10  -". 
Value  of  Ry    Direct  method.     Battery  resistance : — 

1°. . . .  2         18700        30        47        484 )  ^.^      ,       4?  ti  viqq 
2°....  10         18000      300        47        492 [  Mean  value  of  B 488. 

Deflection  with  variable  resistance  in  circuit : — 

d,  k,  B.         g,  n.  B.  Ohm's. 

P. . .  .226i         22000        488        47        1000        510  X  10» 
2^....310i         16000        488        47        1000       5-13  x  10"» 
Mean  value  of  B^bs  5*125  x  10^^  absolute  units.     Yalue  of  S  from  values 
of  <  and  i  as  above,  100-21  x  10 -1*. 
September  24. — Discharge, — sin  ^  i= 84-75.     R^  from  indirect  method : — 
a,  a.,  b.  b,.  c.  d.  R.  Ohm's. 

1°. . . .  6000        8000        1000        575        1000        854        5-18  x  10' 
2°. . . .  8000      10000        1000        648        1000        275        5-16  x  10« 
Mean  value  of  E^  in  absolute  measure  5*17  X  10'.     Assuming  ^  as   on 
September  23,  8«99-92  x  10-". 

The  box  holding  the  condenser  was  now  filled  up  with  an  insulating  com- 
position. 

October    13.  —  Discharge,  —  184  divisions,  12  divisions  lost  on  return, 
sin  i  lass 93-5.    Discharge  after  one  minute's  insulation  181  divisions. 
Time, — ^First  four  OB(nllationB, 

0'30",    0'5r,     I'll",     l'3r'; 
last  four  oscillations, 

10' 4",     10' 23",     10' 43^",     11' 5". 
Total  number  of  oscillations  31.     Mean  value  of  2^=20-47. 

E^  by  indirect  method  ;— 

a.  dy.  b.  b^,  c.  d,  Ri. 

8000     10000         1000       646        1000       883    6*19x10'. 
Valueof8a98-42xl0-". 

2?^  hg  direct  method.    Battery  resistance : — 

f.  h,  h,,  g.  B. 

10  17400  700  47  223i 

Direct  deflection : — 

P. . .  .270 J         22000        223 J        47        1000        6-01  x  10* 

2°. . .  .331  18000        223 J        47        1000        606  X  10' 

Mean  value  of  Rj=6-03  x  10"  absolute  units.     Value  of  8=101-03  x  10-». 

October  15. — Discharge : — 

v.  V.  S*.  4'».  5^  6°. 

186  186  184i  184  184i  184t 

Mean  184*6,  adding  3  for  air,  sin  ||  t=:93*8. 

Times,— Yvnt  four,  0'  23",  0'  42|",  missed,  1'  24"  ;  last  four,  T  56",  8'  16", 
8' 35",  24  oscillations  in  aU.    Mean  value  of  2^=: 20-56. 
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Independent  series  of  observations  divided  into  triplets : — 

first  two,  0'  22i,     V  24",        last  two,  9'  37i,     10"-39, 
30  oscillations  in  all.     Mean  vaLue  of  2^=20*55. 

Value  ofE.o    Direct  method.     Battery  resistance : — 

r 223 

2° 216 

Mean 219 

Direct  deflection : — 

d.  k.  B.         g.  n.  B.  Ohm's. 

P. . .  .278        22000        219        47        1000        6-l6  X  10» 
2°....321i      19000        219        47        1000        619  X  10» 
Mean  value  of  B,  in  absolute  units  6-19  x  10''.     Value  of  S=99-2  x  10-  ". 
October  17. — Discharge : — 

r.  2**.  3°.  4^  Mean. 

179  180  179  180  179-6 

sin  I  i=91|. 
Ttfties  * 

0'55",      rsGi",  10' 7r,      ir8|". 

Total  number  of  oscillations  30.     Mean  value  of  2f =20*46. 
Value  of  22,.     Direct  method.     Battery  resistance : — 

P 210 

2° 223 

Mean    215-5 

Direct  deflection. : — 

d.  h.  B.  g.  n.  B.  Ohm's. 

P. . .  .268        22000        216i        47        1000        6-97  X  W 
2°. . .  .329        18000        215 J        47        1000        601  x  10* 
Mean  value  of  R^  =  6-99  X  10"  absolute  units.     Value  of  S= 99-25. 

The  seven  values  obtained  for  S  give  a  mean  value  of  -9965  x  10-^*  as 
the  capacity  of  the  mica-plate  condenser  when  charged  for  one  minute,  and 
measured  by  a  discharge  through  a  galvanometer,  on  the  needle  of  which  it 
acts  for  about  5  seconds.  If  we  reject  the  two  observations  made  on  Oct.  15, 
which  were,  indeed,  only  preliminary,  and  made  with  less  care  than  all  the 
others,  we  find  the  average  to  be  0-9962  x  10-^*  and  the  approximation  be- 
tween this  mean  and  any  single  results  is  0-42  per  cent.  It  is  therefore 
probable  that  a  unit  copied  from  this  preliminary  standard  will  not  bo  one 
per  cent,  wrong. 

A  tenfold  multiple  (10 -"  absolute  "measure)  of  the  condenser  measured  is 
a  convenient  magnitude  as  a  practical  unit  of  capacity  for  telegraphy ;  thus 
the  capacity  of  the  Atlantic  cable  per  knot  thus  measured  is  0*3535.  Assum- 
ing that  the  practical  unit  of  electromotive  force  wiU  be  chosen  as  that  mul- 
tiple which  is  most  nearly  equal  to  Daniell's  cell,  i.  e,  10*  electromagnetic 
units,  then  the  capacity  of  the  proposed  practical  unit  is  such  that  it  contains 
with  the  unit  E  M  F  the  same  quantity  of  electricity  as  would  be  passed 
in  one  second  through  a  circuit  of  the  resistance  of  one  Megohm.  Thus 
105  E  M  F,  acting  on  a  circuit  of  10^^,  will  pass  in  one  second  10—*  absolute 
unit*  of  quantity ;  and  similarly,  10^  E  M  F  will  charge  a  condenser  of  ab- 
solute capacity  equal  to  10—^^  with  10—^  absolute  units  of  quantity.  This 
practical  series  of  units  is  that  which,  in  the  opinion  of  Mr.  Latimer  Clark 
and  myself,  is  best  adapted  for  practical  use  in  telegraphy.  Mr.  Clark  calls 
the  unit  of  quantity  thus  defined  (10""®)  one  Farad,  and  similarly  says  that 
the  unit  of  capacity  has  a  capacity  of  one  Farad,  it  being  understood  that  this 
is  the  capacity  when  charged  with  unit  electromotive  force  (10*). 
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y.  Beport  on  EUetromeiers  and  Electrostatic  Measurements, 

By  Sir  Wm.  Thomson,  F,B.S. 

§  1.  An  electrometer  is  an  instroment  for  measuring  differences  of  electric 
potential  between  two  conductors  through  effects  of  electrostatic  force,  and  is 
distinguished  from  the  galvanometer,  which,  of  whatever  species,  measures 
differences  of  electric  potentials  through  electromagnetic  effects  of  electric 
currents  produced  by  them.  When  an  electrometer  merely  indicates  the 
existence  of  electric  potential,  without  measuring  its  amount,  it  is  commonly 
called  an  electroscope ;  but  the  name  electrometer  is  properly  applied  when 
greater  or  less  degrees  of  differonce  aro  indicated  on  any  scale  of  reckoning, 
if  approximately  constant,  even  during  a  single  series  of  experiments.  The 
first  step  towards  accurate  electrometry  in  every  case  is  to  deduce  from 
the  scale-roadings  nimibers  which  shall  be  in  simple  proportion  to  the  dif- 
ference of  potentials  to  be  determined.  The  next  and  last  step  is  to  assign 
the  corresponding  values  in  absolute  electrostatic  measure.  Thus,  when  for 
any  electrometer  the  first  step  has  been  taken,  it  remains  only  to  determine 
the  single  constant  coefficient  by  which  the  numbers  deduced  from  its  indica- 
tions as  simply  proportional  to  differences  of  potential  must  be  multiplied  to 
give  differences  of  potential  in  absolute  electrostatic  measure.  This  coefficient 
will  be  called,  for  brevity,  the  absolute  coefficient  of  the  instrument  in  question. 

§  2.  Thus,  for  example,  the  gold-leaf  electrometer  indicates  differences  of 
potential  between  the  gold  leaves  and  the  solid  walls  enclosing  the  air-space 
in  which  they  move.  K  this  solid  be  of  other  than  sufficientiy  perfect  con- 
ducting material,  of  wood  and  glass,  or  of  metal  and  glass,  for  instance,  as  in 
the  instrument  ordinarily  made,  it  is  quite  imperfect  and  indefinite  in  its 
indications,  and  is  not  worthy  of  being  even  called  an  electroscope,  as  it  may 
exhibit  a  divergence  when  the  difference  of  potentials  which  the  operator 
desires  to  discover  is  absolutely  zero.  It  is  interesting  to  remark  that 
Faraday  first  remedied  this  defect  by  coating  the  interior  of  the  glass  case 
with  tinfoil  cut  away  to  leave  apertures  proper  and  sufficient  to  allow  indi- 
cations to  be  seen,  but  not  enough  to  cause  these  indications  to  differ  sensibly 
from  what  they  would  be  if  the  conducting  envelope  were  completely  closed 
around  it ;  and  that  not  till  a  long  time  after  did  any  other  naturalist,  mathe- 
matician, or  instrument-maker  seem  to  have  noticed  the  defect,  or  even  to  have 
unconsciously  remedied  it. 

§  3.  Electrometers  may  be  classified  in  genera  and  species  according  to  the 
shape  and  kinematic  relations  of  their  parts ;  but  as  in  plants  and  animals  a 
perfect  continuity  of  intermediate  species  has  been  imagined  between  the 
rudimentary  plant  and  the  most  perfect  animal,  so  in  electrometers  we  may 
actually  construct  species  having  intermediate  qualities  continuous  between 
the  most  widely  different  genera.  But,  notwithstanding,  some  such  classifi- 
cation as  the  following  is  convenient  with  reference  to  the  several  instruments 
commonly  in  use  and  now  to  bo  described : — 

I.  Bepulsion  electrometers. 

Fair  of  diverging  straws  as  used  by  Bcccaria,  Yolta,  and  others,  last 
century. 

Pair  of  diverging  gold  leaves  (Bennet). 

Peltier's  electrometer. 

Delmann's  electrometer. 

Old-station  electrometer,  described  in  lecture  to  the  Royal  Institu- 
tion, May  1860 ;  also  in  Nichors  Cyclopedia,  article  "  Elec- 
tricity, Atmospheric"    (edition   18C0),  and  in  Dr.  Everett's 
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paper  of  1867,  "On  Atmospherio  Electricity''  (Philosophical 
Transactions). 
II.  Symmetrical  electrometers. 

Bohnenberger's  electrometer. 

Divided-ring  electrometers. 
m.  Attracted  disk  electrometers. 

Absolute  electrometer. 

Long-range  electrometer. 

Portable  dectrometer. 

Spring-standard  electrometer. 
§  4.  Class  I.  is  sufficiently  illustrated  by  the  examples  referred  to ;  and  it 
is  not  necessary  to  explain  any  of  these  instruments  minutely  at  present,  as 
they  are,  for  the  present  at  all  events,  superseded  by  the  divided-ring  elec- 
trometer and  elecirometers  of  the  third  class. 

There  are  at  present  only  two  known  species  of  the  second  dass ;  but  it  is 
intended  to  include  all  electrometers  in  which  a  symmetrical  field  of  electric 
force  is  constituted  by  two  symmetrical  fixed  conductors  at  difierent  electric 
potentials,  and  in  which  the  indication  of  the  force  is  produced  by  means  of 
an  electrified  body  moveable  symmetrically  in  either  direction  from  a  middle 
position  in  this  field.  This  definition  is  obviously  fulfilled  by  Bohnenberger's 
well-known  instrument*. 

§  5.  My  first  published  description  of  a  divided- ring  electrometer  is  to  be 
found  in  the  Memoirs  of  the  Eoman  Academy  of  Sciences  f  about  1856;  but 
since  that  time  I  have  made  great  improvements  in  the  instrument — ^first,  by 
applying  a  light  mirror  to  indicate  defiections  of  the  moving  body ;  next,  by 
substituting  for  two  half  rings  four  quadrants,  and  consequently  for  an 
electrified  body  projecting  on  one  side  only  of  the  axis,  an  electrified  body 
projectiDg  symmetrically  on  the  two  sides,  and  moveable  round  an  axis ;  and 
lastiy,  by  various  mechanical  improvements  and  by  the  addition  of  a  simple 
gauge  to  test  the  electrification  of  the  moveable  body,  and  a  replemsher  to 
raise  this  electrification  to  any  desired  degree. 

§  6.  In  the  accompanying  drawings,  Plate  Y.  ^.  1  represents  the  front 
elevation  of  the  instrumeut,  of  which  the  chief  bulk  consists  of  a  jar  of  white 
glass  (flint)  supported  on  three  legs  by  a  brass  mounting,  cemented  round  the 
outside  of  its  mouth,  which  is  closed  by  a  fiat  cover  of  stout  sheet-brass,  and 
a  lantern-shaped  cover  standing  over  a  wide  aperture  in  its  centre.  For 
brevity,  in  what  follows  these  three  parts  will  be  called  the  jar,  the  main 
cover,  and  the  lantern. 

fig.  6  represents  the  quadrants  as  seen  from  above ;  they  are  seen  in  ele- 
vation at  a  and  6,  fig.  1,  and  in  section  at  e  and  d,  ^g,  2.  They  consist  of  four 
quarters  of  a  flat  circular  box  of  brass,  with  circular  apertures  in  the  centres 
ci  its  top  and  bottom.  Their  position  in  the  instrument  is  shown  in  figs. 
1, 2,  <&;  6.  Each  of  the  four  quadrants  is  supported  on  a  glass  stem  passing 
downwards  through  a  slot  in  the  main  cover  of  the  jar,  from  a  brass  mount- 
ing on  the  outside  of  it,  and  admits  of  being  drawn  outwards  for  a  space 
of  about  f  of  an  inch  (1  centim.)  &om  the  positions  they  occupy  when  the 
instrument  is  in  use,  which  are  approximately  those  shown  in  the  drawings. 
Three  of  them  are  secured  in  their  proper  positions  by  nuts  (e,  e,  e)  on  the  out- 
side of  the  chief  flat  Hd  of  the  jar  shown  in  fig.  4.  The  upper  end  of  the  stem, 
carrying  the  fourth,  is  attached  to  a  brass  piece  (/)  resting  on  three  short  legs 

*  A  single  gold  leaf  hanging  between  the  upper  ends  of  two  equal  and  similar  dry  piles 
standing  yertically  on  a  horizontal  plate  of  metal,  one  with  its  positive  and  the  other  wiUi 
!ti  negative  pole  up.  t  A.ooademia  Pontificia  dei  JSwm  lincei 
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on  the  tipper  side  of  the  main  cover,  two  of  these  legs  being  guided  by  a 
straight  Y-groove  at  ^  to  give  them  freedom  to  move  in  a  straight  line  in- 
wards or  outwards,  and  to  prevent  any  other  motion.  This  brass  piece  is 
pressed  outwards  and  downwards  by  a  properly  arranged  spring  (h),  and  is 
kept  from  sliding  out  by  a  micrometer-screw  (i)  turning  in  a  fixed  nut.  This 
simple  kinematic  arrangement  gives  great  steadiness  to  the  fourth  quadrant 
when  the  screw  is  turned  inwards  or  outwards,  and  then  left  in  any  position ; 
and  at  the  same  time  produces  but  little  friction  against  the  sliding  in  either 
direction.  The  opposite  quadrants  are  connected  in  two  pairs  by  wires,  as 
shown  in  fig.  5 ;  and  two  stout  vertical  wires  (I,  m),  called  the  chief  electrodes 
passing  through  holes  in  the  roof  of  the  lantern,  are  firmly  supported  by  long 
perforated  vulcanite  oolumns  passing  through  those  holes  which  serve  to 
connect  the  pairs  of  quadrants  with  the  external  conductors  whose  difference 
of  potentials  is  to  be  tested.  Springs  (n,  o)  at  the  lower  ends  of  these  columns, 
shown  in  figs.  1  &  2,  maintain  metallic  contact  between  the  chief  electrodes 
and  the  upper  sides  of  two  contiguous  quadrants  (a  &  h)  when  the  lantern  is  set 
down  in  its  proper  position,  but  allow  the  lantern  to  be  removed,  carrying  the 
chief  electrodes  witii  it,  and  to  be  replaced  at  pleasure  without  disturbing  the 
quadrants.  The  lantern  also  carries  an  insulated  charging-rod  (p),  or  tem- 
porary electrode,  for  charging  the  inner  coating  of  the  jar  (§  11)  to  a  small 
deg^ree,  to  be  increased  by  the  replenisher  (§  12),  or,  it  may  be,  for  making 
special  experiments  in  which  the  potential  of  the  interior  coating  of  the  jar 
is  to  be  measured  by  a  separate  electrometer,  or  kept  at  any  stated  amount 
from  that  of  the  outer  coating.  When  not  in  use  this  temporary  electrode  is 
secured  in  a  position  in  which  it  is  disconnected  from  the  inner  coating. 

§  7.  The  main  cover  supports  a  glass  column  (^,  fig.  2)  projecting  vertically 
upwards  through  its  central  aperture,  to  the  upper  end  of  which  is  attached  a 
brass  piece  (r),  which  bears  above  it  a  fixed  attracting  disk  (5),  to  be  described 
later  (§  13) ;  and  projecting  down  from  it  a  fixed  plate  bearing  the  silk-fibre 
suspension  of  the  mirror  (t),  needle  (u),  &c,,  seen  in  figs.  1  &  2,  and  fixed  guard 
tubes  (v,  w),  to  be  described  presentiy. 

§  8.  The  moveable  conductor  of  the  instrument  consists  of  a  stiff  platinum 
wire  (a?),  about  8  centimetres  (3J^  inches)  long,  with  the  needle  rigidly  attached 
in  a  perpendicular  plane  to  it,  and  connected  with  sulphuric  acid  in  the 
bottom  of  the  jar  by  a  fine  platinum  wire  hung  down  from  its  lower  end  and 
kept  stretched  by  a  platinum  weight  under  the  level  of  the  liquid.  The 
upper  end  of  the  stiff  platinum  wire  is  supported  by  a  single  silk-fibre  so  that 
it  hangs  down  vertically.  The  mirror  is  attached  to  it  just  below  its  upper 
end.  Thus  the  mirror,  the  needle,  and  the  stiff  platinum  stem  constitute  a 
rigid  body  having  very  perfect  freedom  to  move  round  a  vertical  axis  (the 
line  of  the  bearing  fibre),  and  yet  practically  prevented  from  any  o^er 
motion  in  the  regular  use  of  the  instrument  by  the  weight  of  its  own  mass 
and  that  of  the  loose  piece  of  platinum  hanging  from  it  below  the  surface  of 
the  liquid  in  the  jar.  A  very  small  magnet  is  attached  to  the  needle,  which, 
by  strong  magnets  fixed  outeido  the  jar,  is  directed  to  one  position,  about 
which  it  oscillates  after  it  is  turned  through  any  angle  round  the  vertical 
axis,  and  then  left  to  itself.  The  external  magnets  are  so  placed  that  when 
there  is  magnetic  equilibrium  the  needle  is  in  the  symmetrical  position  shown 
in  figs.  6  &6  with  reference  to  the  quadrants  *. 

§  9.  The  needle  (u)  is  of  very  thin  sheet  aluminium  cut  to  the  shape  seen  in 
figs.  5  &  6 ;  the  very  thinnest  sheet  aluminium  that  gives  the  requisite  stiff- 

*  Becently  I  have  made  experiments  on  a  bifilar  suBpension  with  a  view  to  superseding 
the  magnetic  adjustmeptf  which  promise  well. 
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ness  being  chosen.  If  the  four  quadrants  are  in  a  perfectly  S3nnmetrical 
position  round  it,  and  if  they  are  kept  at  one  electric  potential  by  a  metallic 
arc  connecting  the  chief  electrodes  outside,  the  needle  may  be  strongly 
electrified  without  being  disturbed  from  its  position  of  magnetic  equilibrium ; 
but  if  it  is  electrified,  and  if  the  external  electrodes  be  disconnected,  and  any 
difference  of  potentials  established  between  them,  the  needle  will  clearly  ex- 
perience a  couple  turning  it  round  its  vertical  axis,  its  two  ends  being  driven 
from  the  positive  quadrants  towards  the  negative,  if  it  is  itself  positively 
electrified.  It  is  kept  positive  rather  than  negative  in  the  ordinary  use  of 
the  instrument,  because  I  find  that  when  a  conductor  with  sharp  edges  or 
points  is  surrounded  by  another  presenting  everywhere  a  smooth  surface,  a 
much  greater  difference  of  potentials  can  bo  established  between  them,  with- 
out producing  disruptive  discharge,  if  the  points  and  edges  are  positive  than 
if  they  are  negative. 

§  10.  The  mirror  (t)  serves  to  indicate,  by  reflecting  a  ray  of  light  from  a 
lamp,  small  angular  motions  of  the  needle  round  the  vertical  axis.  It  is  a  very 
light,  concave,  silvered  glass  mirror,  being  of  only  8  millimetres  (^  of  an  inch) 
diameter,  and  22  milligrammes  (|  grain)  weight.  I  had  for  many  years  ex- 
perienced great  difficulty  in  gettmg  suitable  mirrors  for  my  form  of  mirror 
galvanometer;  but  they  are  now  supplied  in  very  great  perfection  by  Mr. 
Becker,  of  Messrs.  Elliott  Brothers,  London.  The  focus  for  parallel  rays  is 
about  50  centimetres  (20  inches)  from  the  mirror,  and  thus  tiie  rays  of  the 
lamp  placed  at  a  distance  of  1  metre  (or  40  inches)  are  brought  to  a  focus  at 
the  same  distance.  The  lamp  is  usually  placed  close  behind  the  vertical 
screen  a  little  below  or  above  the  normal  line  of  the  mirror,  and  the  image 
is  thrown  on  a  graduated  scale  extending  horizontally  above  or  below  the 
aperture  in  the  screen  through  which  the  lamp  sends  its  light.  When  the 
mirror  is  at  its  magnetic  zero  position  the  lamp  is  so  placed  that  its  imago  is, 
as  nearly  as  may  be,  in  a  vertical  plane  with  itself,  and  not  more  than  an 
inch  above  or  below  its  level,  so  that  there  is  as  little  obliquity  as  possible 
in  the  reflection,  and  the  line  traversed  by  the  imago  on  the  screen  during  the 
deflection  is,  as  nearly  as  may  be,  straight.  The  distance  of  the  lamp  and 
screen  from  the  mirror  is  adjusted  so  as  to  give  as  perfect  an  image  as  possi- 
ble of  a  fine  wire  which  is  stretched  vertically  in  the  plane  of  the  screen 
across  the  aperture  through  which  the  lamp  shines  on  the  mirror ;  and  with 
Mr.  Becker's  mirrors  I  find  it  easy  to  read  the  horizontal  motions  of  the  dark 
image  to  an  accuracy  of  the  tenth  of  a  millimetre.  In  the  ordinary  use  of 
the  instrument  a  white  paper  screen,  printed  from  a  copper-plate,  is  employed, 
and  the  readings  are  commonly  taken  to  about  a  quarter  of  a  scale-division ; 
but  with  a  little  practice  they  may,  when  so  much  accuracy  is  desired,  be 
read  with  considerable  accuracy  to  the  tenth  of  a  scale-division.  Pormerly 
a  slit  in  front  of  the  lamp  was  used,  but  the  wire  giving  a  dark  line  in  the 
middle  of  the  image  of  the  flame  is  a  very  great  improvement,  first  intro- 
duced by  Dr.  Everett  in  consequence  of  a  suggestion  made  by  Professor  P.  G. 
Tait,  in  his  experiments  on  the  elasticity  of  solids  made  in  the  Natural- 
Philosophy  Laboratory  of  Glasgow  University*. 

§  11.  The  charge  of  the  needle  remains  sensibly  constant  from  hour  to 
hour,  and  even  from  day  to  day,  in  virtue  of  the  arrangement,  according  to 
which  it  is  kept  in  communication  with  sulphuric  acid  in  the  bottom  of  the 

*  A  Dnimmond  light  placed  about  70  centimcti'cs  from  the  mirrop  gives  an  image,  on 
a  screen  about  3  metres  distance,  brilliant  enough  for  lecture-illustrations,  and  with  suffi- 
cient de6nition  to  allow  accurate  readings  of  the  positions  on  a  scale  marked  bjr  the  image 
of  a  fine  vertical  wire  in  front  of  the  light. 
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jar,  the  outside  of  the  jar  being  coated  with  tinfoil  and  connected  with  the 
earth,  so  that  it  is  in  reality  a  Leyden  jar.  The  whole  outside  of  the  jar, 
even  where  not  coated  with  tinfoil,  is  in  the  ordinary  use  of  the  instrument, 
especially  in  our  moist  climate,  kept  virtually  at  one  potential  through  con- 
duction along  its  surface.  This  potential  is  generally,  by  connecting  wires 
or  metal  pieces,  kept  the  same  as  that  of  the  brass  legs  and  framework  of 
the  instrument.  To  prevent  disturbance  in  case  of  strongly  electrified  bodies 
being  brought  into  the  neighbourhood  of  the  instrument,  a  wire  is  either 
wrapped  round  the  jar  from  top  to  bottom,  or  a  cage  or  network  of  wire,  or  any 
convenient  metal  case,  is  placed  round  it ;  but  this  ought  to  be  easily  removed 
or  opened  at  any  time  to  admit  of  the  interior  being  seen.  When  the  instru- 
ment is  left  to  itself  from  day  to  day  in  ordinary  use,  the  needle,  connected 
with  the  inner  coating  of  the  jar  as  just  described,  loses,  of  course,  unless 
replenished,  something  of  its  charge ;  but  not  in  general  more  than  ^  per 
cent,  per  day,  when  the  jar  is  of  flint  glass  made  in  Glasgow.  On  trying 
dmilar  jars  of  green  glass  I  found  that  they  lost  their  charge  more  rapidly 
per  hour  than  the  white  glass  jars  per  month.  I  have  occasionally,  but  very 
rarely,  found  white  glass  jars  to  be  as  defective  as  those  green  ones,  and  it  is 
possible  that  the  defect  I  found  in  the  green  jars  was  an  accident  to  the  jars 
tested,  and  not  an  essential  property  of  that  kind  of  glass. 

§  12.  I  have  recently  made  the  very  useful  addition  of  a  replenisher  to 
restore  electricity  to  the  jar  from  time  to  time  when  required.  It  consists  of 
(1)  a  turning  vertical  shaft  of  vulcanite  bearing  two  metal  pieces  called  carriers 
(6,  6,  figs.  17  &  18) ;  (2)  two  springs  (d,  d,  figs.  16  &  18,  Plate  V.),  connected 
by  a  metallic  arc,  making  contact  on  the  carriers  onco  every  half  turn  of  the 
shaft,  and  therefore  called  connectors ;  and  (3)  two  inductors  (a,  a)  with  re- 
ceiving springs  (c,  c)  attached  to  them,  which  make  contact  on  the  carriei-s 
once  every  half  turn,  shortiy  before  the  connecting  contacts  are  made.  The 
inductors  (a  a,  figs.  16  &  18)  are  pieces  of  sheet  metal  bent  into  circular  cylin- 
drical shapes  of  about  120°  each ;  they  are  placed  so  as  to  deviate  in  the  man- 
ner shown  in  the  drawing  from  parts  of  a  cylindrical  surface  coaxal  with  the 
turning-shaft,  leaving  gaps  of  about  60°  on  each  side.  The  diameter  of  this 
cylindrical  surface  is  about  15  millimetres  (about  ^  an  inch).  The  carriers 
(6  b,  figs.  17  &  18)  are  also  of  sheet  metal  bent  to  cylindrical  surfaces,  but  not 
exactly  circular  cylinders ;  and  are  so  placed  on  the  bearing  vulcanite  shaft 
that  each  is  rubbed  by  the  contact  springs  over  a  very  short  space,  about  1 
millimetre  beyond  its  foremost  edge,  when  turned  in  the  proper  direction  for 
replenishing.  The  receiving  springs  (c,  c,  figs.  17  &  18)  make  their  contacts 
with  each  carrier  immediately  after  it  has  got  fairly  under  cover,  as  it  were, 
of  the  inductor.  Each  carrier  subtends  an  angle  of  about  60°  at  the  axis 
of  the  ttiming-shaft.  The  connecting  contacts  are  completed  just  before  the 
carriers  commence  emerging  from  being  under  cover  of  the  inductors.  The 
carriers  may  be  said  to  be  under  cover  of  the  inductors  when  they  are  within 
an  angle  of  120°  oh  each  side  of  the  axis  subtended  by  the  inductors.  One 
of  the  inductors  is  in  metaUic  communication  with  the  outside  coating  of  the 
jar,  the  other  with  the  inside.  Figs.  16,  17,  &  18  illustrate  suflicientiy 
the  shape  of  carriers  and  the  succession  of  the  contacts.  The  arrow-head 
indicates  the  direction  to  turn  for  replenishing.  When  it  is  desired  to  dimi- 
nish the  chaz^e,  the  replenisher  is  turned  backwards.  A  small  charge  having 
been  given  to  the  jar  from  an  independent  source,  the  replenisher  when 
turned  forwards  increases  the  difference  of  potentials  between  the  two 
inductors  and  the  two  coatings  of  the  jar  connected  with  them  by  a  constant 
percentage  per  half  turn,  unless  it  is  raised  to  so  high  a  degree  as  to  break 
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down  the  air-insulation  by  dismptive  discharge.     The  eleotrio  action  is 
explained  simply  thus ; — ^The  carriers,  when  connected  by  the  connecting 
springs,  receive  opposite  charges  by  induction,  of  which  l^ey  deposit  large 
proportions  the  next  time  they  toudi  receiving  springs.    Thus,  for  example, 
if  the  jar  be  charged  positively,  the  carrier  emerging  from  the  inductor 
connected  with  the  inner  coating  carries  a  negative  charge  round  to  the 
receiving  spring  connected  with  ike  outside  coating,  while  ^e  other  carrier, 
emerging  from  the  inductor  connected  with  the  outside  coating,  carriee 
a  positive  charge  round  to  the  receiving  spring  connected  with  the  iuside 
coating.     If  the  carriers  are  not  suificiendy  well  undQr  cover  of  the  inductors 
during  both  the  receiving  contacts  and  the  connecting  contacts  to  render  the 
charges  which  they  acquire  by  induction  during  tiie  connecting  contacts 
greater  than  that  which  they  carry  away  with  them  from  the  receiving  con- 
tacts, the  rotation,  even  in  the  proper  direction  for  replenishing,  does  not 
increase,  but,  on  the  contrary,  diminishes  the  charge  of  the  jar.     The  de- 
viations of  tho  inductors  from  the  circular  cylinder  referred  to  above  hav^ 
been  adopted  to  give  greater  security  against  this  failure.     A  steel  pivot 
fixed  to  the  top  of  the  vulcanite  shaft,  and  passing  through  the  main  cover, 
carries  a  small  milled  head  (y,  fig.  1)  above,  on  the  outside,  which  is  spun 
rapidly  round  in  either  direction  by  pressing  the  finger  on  it,  and  thus  in 
less  than  a  minute  a  small  charge  in  the  jar  may  be  doubled.     The  dimi- 
nution of  tho  charge,  when  the  instrument  is  left  to  itself  for  twenty-four 
hours,  is  sometimes  imperceptible ;  but  when  any  loss  is  discovered  to  haye 
taken  place,  even  if  to  the  extent  of  10  per  cent.,  a  few  moments  use  of  the 
replenisher  suffices  to  restore  it,  and  to  adjust  it  with  minute  accuracy  to  the 
required  degree  by  aid  of  the  guage  to  be  described  presently.     The  principle 
of  the  "  replenisher  "  is  identical  with  that  of  the  "  doubler  "  of  Bennet.    In 
the  essentials  of  its  construction  it  is  the  same  as  Yarley's  improved  form  of 
Nicholson's  "  revolving  doubler." 

§  13.  The  gauge  consists  of  an  electrometer  of  Class  III.     The  moveable 
attracted  disk  is  a  square  portion  of  a  piece  of  very  thin  sheet  aluminium  of 
the  shape  shown  at  ^  in  fig.  4.     It  is  supported  on  a  stretched  platinum  wire 
passing  through  two  holes  in  the  sheet,  and  over  a  very  small  projecting 
ridge  of  bent  sheet  aluminium  placed  in  the  manner  shown  in  the  magnified 
drawing,  fig.  3.     The  ends  of  this  wire  are  passed  through  holes  in  curved 
springs,  shown  in  fig.  4,  and  are  bent  round  them  so  as  to  give  a  secure 
attachment  without  solder,  and  without  touching  the  straight  stretched  part 
of  the  wire.    The  ends  of  the  platinum  wire  (/3,  /3)  are  attached  by  cement  to 
the  springs,  merely  to  prevent  them  from  becoming  loose,  care  being  taken 
that  the  cement  does  not  prevent  metallic  contact  between  some  part  of  the 
aluminium  wire  and  one  or  both  of  the  brass  springs.     I  have  constantly 
found  fine   platinum  wire  rendered   brittle  by  ordinary  solder  applied  to 
it.     The  use  of  these  springs  is  to  keep  the  platinum  wire  stretched  with 
an  approximately  constant  tension,  from  year  to  year  and  at  various  tempera- 
tures.    Their  fixed  ends  are  attached  to  roimd  pins,  which  are  held  with  their 
axes  in  a  line  with  the  fibre  by  friction,  in  bearings  forming  parts  of  two  ad- 
justable brass  pieces  (y,  y)  indicated  in  fig.  4 ;  these  pieces  are  adjusted  once 
for  all  to  stretch  the  wire  with  sufficient  force,  and  to  keep  the  square  attracted 
disk  in  its  proi)er  position.     The  round  pins  bearing  the  stretching  springs  are 
turned  through  very  small  angles  by  pressing  on  the  projecting  springs  with 
the  finger.     They  are  set  so  as  te  give  a  proper  amoimt  of  torsion  tending  to 
tilt  the  attracted  disk  (a)  upwards,  and  tho  long  end  of  the  aluminium  lever  (3), 
of  which  it  forms  a  part,  downwai^ds.     The  downward  motion  of  the  long  end 
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is  limited  by  a  properly  placed  stop.  Another  stop  (c)  above  limits  the  upward 
motion,  which  takes  place  under  the  influence  of  electriflcation  in  the  use  of 
the  instrument.  A  very  fine  opake  black  hair  (that  of  a  small  black-and-tan 
terrier  X  have  found  much  superior  to  any  hitherto  tried)  is  stretched  across 
the  forked  portion  of  the  sheet  aluminium  in  which  the  long  ann  of  the  lever 
terminates.  Looked  at  horizontally  from  the  outside  of  the  instrument  it  is 
seen,  as  shown  in  fig.  7,  Plate  Y.,  against  a  white  background^  marked  with  two 
veiyfine  black  circles.  These  sight-plates  in  the  instruments,  as  now  made  by 
Mr.  White,  are  of  the  same  material  as  the  ordinary  enamel  watch-dials,  with 
black  figures  on  a  white  ground.  The  white  space  between  the  two  circles 
should  be  a  very  little  less  than  the  breadth  of  the  hair.  The  sight-plate  is 
set  to  be  as  near  the  hair  as  it  can  be  without  impeding  its  motion  in  any 
part  of  its  range ;  and  it  is  slightly  convex  forwards,  and  is  so  placed  that 
the  hair  is  nearer  to  it  when  in  the  middle  between  the  black  circles  than 
when  in  any  other  part  of  its  range.  It  is  thus  made  very  easy,  even  with- 
out optical  aid,  to  avoid  any  considerable  error  of  parallax  in  estimating  the 
position  of  the  hair  relatively  to  the  two  black  circles.  By  a  simple  plano- 
convex lexis  (^,  fig.  2),  with  the  convex  side  turned  inwards,  it  is  easy,  in 
the  ordinary  use  of  the  instrument,  to  distinguish  a  motion  up  or  down  of 
the  hair  amounting  to  -g^^  of  an  inch.   With  a  little  care  I  have  asoeitained, 

Dr.  Joule  assisting,  that  a  motion  of  no  more  than  ^^^  of  an  inch  from  one 

definite  central  position  can  be  securely  tested  without  the  aid  of  other 
magnif]dng-power  than  that  given  by  the  simple  lens.  The  lens  during  use 
is  in  a  fixed  position  relatively  to  the  framework  bearing  the  needle,  but  it 
may  be  drawn  out  or  pushed  in  to  suit  the  focus  of  each  observer.  To  give 
great  magnification,  it  ought  to  be  drawn  out  so  far  that  the  hair  and  sight- 
plate  behind  may  be  but  4ittle  nearer  to  the  lens  than  its  principal  focus, 
and  the  observer's  eye  ought  to  be  at  a  very  considerable  distance  firom  the 
instrument,  no  less  than  20  centimetres  (8  inches)  to  get  good  magnification ; 
and  a  short-sighted  person  should  use  his  ordinary  concave  eye-lens  close  to 
his  eye.  The  reason  for  turning  the  convexity  of  the  small  plano-convex  lens 
inwards  is,  that  if  the  eye  of  the  observer  is  too  high  or  too  low,  the  hair 
seems  to  him  curved  upwards  or  downwards,  and  he  is  thus  guided  to  keep  his 
eye  on  a  level  sufficiendy  constant  to  do  away  with  all  sensible  effects  of  parallax 
on  the  position  of  the  hair  relatively  to  the  black  circles.  The  framework 
carrying  the  stretched  platinum  wire  and  moveable  attracted  disk  is  above  the 
brass  roof  of  the  lantern,  in  which  a  square  aperture  is  cut  to  allow  the  square 
portion  constituting  the  short  arm  of  the  aluminium  balance  to  be  attracted 
downwards  by  the  fixed  attracting  disk  (§7),  to-be  presently  described. 
A  side  view  of  the  attracting  plate,  the  brass  roof  of  the  lantern,  the  alu- 
minium balance,  the  sight-plate,  the  hair,  and  the  plano-convex  lens  is 
shown  in  section  ("^g,  2),  also  a  glass  upper  roof  to  protect  the  gauge  and  the 
interior  of  the  instrument  below  from  dust  and  disturbance  by  currents  of 
air,  to  which,  without  this  upper  roof,  it  would  be  exposed,  through  the  small 
vacant  space  round  the  moveable  aluminium  square.  The  fixed  attracting 
disk  is  borne  by  a  vertical  screw  screwing  into  the  upper  brass  mounting 
(2,  fig.  2)  (§  7),  connected  with  the  inner  coating  of  the  Loyden  jar,  through 
the  guard  tubes,  &c.,  and  is  secured  in  any  position  by  the  *'  jam  nut,"  shown 
in  the  drawings  at  z,  fig.  2.  This  disk  (s)  is  circular,  and  about  38  millimetres 
(1^  inch)  diameter,  and  it  is  placed  horizontally  with  its  centre  under  the 
centre  of  the  square  aperture  in  the  roof  of  the  lanteni.  Its  distance 
from  the  lower  suiface  of  the  roof  and  of  the  moveable  attracted  disk  may 
be  from  2^  to  5  millimetres  (from  -^  to  ^  of  an  inch),  and  is  to  be  adjusted, 
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along  with  the  amount  of  torsion  in  the  platinum  wire  bearing  the  alomimiun 
balance-arm,  so  as  to  give  the  proper  sensibility  to  the  gauge.  The  sensibility 
is  increased  by  diminishing  the  distance  from  the  attracting  to  the  attracted 
plate,  and  increasing  the  amount  of  torsion.  Or,  again,  the  degree  of  the 
potential  indicated  by  it  when  the  hair  is  in  the  sighted  position  is  increased 
by  increasing  the  distance  between  the  plates,  or  by  diminishing  the  amoimt 
of  torsion.  If  the  electrification  of  the  needle  is  too  great,  its  proper  position 
of  equilibrium  becomes  unstable ;  or  before  this  there  is  sometimes  a  liability 
to  diischarge  by  a  spark  across  some  of  the  air-spaces.  The  instrument  works 
extremely  well  with  the  needle  charged  but  little  less  than  to  give  rise  to  one 
or  both  of  these  faults,  and  I  adjust  the  gauge  accordingly. 

§  14.  The  strength  of  the  fixed  steel-directing  magnets  is  to  be  adjusted  to 
give  the  desired  amount  of  deflection  with  any  stated  difference  of  potentials 
maintained  between  the  two  chief  electrodes,  when  the  jar  is  charged  to  the 
degree  which  brings  the  hair  of  the  gauge  to  its  sighted  position.    In  ih^ 
instruments  already  made,  the  deflection*  by  a  single  cell  of  Baniell's  amount! 
to  about  100  scale-divisions  (of  -^  of  an  inch  each  at  a  distance  of  40  inches) 
when  the  magnetic  directive  force  is  such  'as  to  give  a  period  of  vibratioi^ 
equal  to  about  1*5  second.     When  the  jar  is   discharged  and  the  fof  *'' 
quadrants  are  connected  with  one  another  and  with  the  inner  coating  of  tiK 
jar,  lower  degrees  of  sensibility  may  be  attained  better  by  increasing  ii  \ 
magnetic  directing-force  than  by  diminishing  the  charge  of  the  jar.     TImI  y 
for  instance,  when  it  is  to  be  used  for  measuring  and  photographically^^ 
cording  the  potential  of  atmospheric  electricity  at  the  point  where  the  strea 
of  the  water-dropping  collector  t  breaks  into  drops,  the  magnetic  directis 
force  may  be  made  from  10  to  100  times  more  tiian  that  just  describi    , 
When  this  is  to  be  done  it  may  bo  convenient  to  attach  a  somewhat  nu 
powerful  magnetic  needle  than  that  which  has  been  made  in  the  most  re^ 
instruments  where  a  high  degree  of  sensibility  is  desired.     But  it  is  to  be- j 
marked  that  in  general  the  directing-force  of  the  external  steel  magi| 
cannot  bo  too  strong,  as  the  stronger  it  is  the  less  is  the  disturbance  produi    , 
by  changing  magnetic  bodies  in  the  neighbourhood  of  the  instrument, 
laboratory  work,  where  numerous  magnetic  experiments  are  being  perforfli    ' 
in  the  immediate  neighbourhood,  and  in  telegraph  factories  where  thcrcf 
constant  disturbance  by  large  moving  masses  of  iron,  the  artificial  magnf    ;' 
field  of  the  electrometer  ought  to  be  made  very  strong.     To  allow  this,  d    ■ 
yet  leave  sufiicient  sensibility  to  the  instrument,  the  suspended  maga^ 
needle  has  been  made  smaller  and  smaller,  until  it  is  now  reduced  to  6 
small  pieces  of  steel  side  by  side,  6  millimetres  (|  of  an  inch)  long.     Foj 
meteorological  observatory  all  that  is  necessary  is,  that  the  directing  magn^ 
force  should  be  so  great  that  the  greatest  disturbance  experienced  in  nM 
netic  storms  shall  not  sensibly  deflect  the  luminous  image  J.  ' 

§  15.  The  sensibility  of  the  gauge  should  be  so  adjusted  that  a  varial 
in  the  charge  of  the  jar,  producing  an  easily  perceived  change  in  the  posit 
of  the  hair,  shall  produce  no  sensible  change  in  the  deflection  of  the  lumin 
image  produced  by  the  greatest  difference  of  potentials  between  the  q 
drants,  which  is  to  be  measured  in  the  use  of  the  instrument.     I  beHeTe 

*  That  is  to  say,  the  number  of  scale-diviEiions  over  which  the  luminous  image  mc 
when  the  chief  electrodes  are  disconnected  from  qne  another  and  put  in  metallic  oonnei 
with  the  two  plates  of  a  Danicll's  battery. 

t  See  Royal  Institution  Lecture,  May  18,  1860  (Procoedings  of  the  R.  I.),  or  Nic* 
Cyclopcedia,  article  "  Electricity,  Atmospheric."  (Edition  1860.) 

i  All  embarrassment  from  this  source  will  be  done  away  with  if  the  bifilar 
adopted  {vide  footnote  to  §  8). 
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instrameoto  already  made,  when  adjusted  to  fulfil  these  conditions,  may  be 
trusted  to  measure  the  difference  of  potentials  produced  by  a  single  cell  of 
Darnell's  to  an  accuracy  of  a  quarter  per  cent.  It  must  bo  romcmbcred  that 
the  constancy  of  value  of  the  unit  of  each  instrument  depends  not  only  on 
the  constancy  of  the  potential  indicated  by  the  gauge,  but  also  on  the  con- 
stancy of  the  force  in  the  field  traversed  by  the  suspended  needle.  As  both 
these  may  be  expected  to  decrease  gradually  from  year  to  year  (although  very 
slowly  after  the  first  few  hours  or  weeks),  rigorous  methods  must  be  adopted 
to  take  such  variations  into  account,  if  the  instrument  is  to  be  trusted  to  as 
giving  accurately  comparable  indications  at  all  times.  The  only  method 
hitherto  provided  for  this  most  important  object  consists  in  the  observation 
of  the  deflection  produced  by  a  measured  motion  of  one  of  the  quadrants  by 
the  micrometer*screw  (t)  when  the  four  quadrants  are  put  in  metallic  com- 
munication with  one  another  through  the  principal  electrodes — the  force 
producing  this  deflection  when  the  potential  of  the  jar  is  constant ;  and  there- 
fore, the  jar  being  brought  to  one  constant  potential  by  aid  of  the  gauge,  the 
amount  of  the  deflection  will  show  whether  or  not  the  force  of  the  magnetic 
field  has  changed,  and  will  render  it  easy  at  any  time  to  adjust  the  strength 
of  the  magnets,  if  necessary,  to  secure  this  constancy.  But  to  attain  this  ob- 
ject by  these  means,  the  three  quadrants  not  moved  by  the  micrometer-screw 
must  be  clamped  by  their  fijdng-screws  so  that  they  may  be  always  in  tlie 
same  position. 

§  16.  The  absolute  oonstancy  of  the  gauge  cannot  be  altogether  relied  upon. 
It  certainly  changes  to  a  sensible  degree  with  temperature,  and  to  very  dif- 
ferent degrees,  and  even  in  different  directions,  as  will  be  seen  (§  32)  in  con- 
nexion with  the  description  of  the  portable  electrometer  to  be  given  later. 
But  this  temperature  variation  does  not  amount  in  ordinary  cases  probably 
to  as  much  as  one  per  cent. ;  and  it  is  probable  that  after  a  year  or  two  any 
further  secular  variation  of  the  platinum  torsion  spring  will  be  (juite  insen- 
sible.   It  is  to  be  remarked,  however,  that  secular  ezperiments  on  the  elas-< 
ticity  of  metals  are  wanting,  and.  ought  at  least  to  bo  commenced  in  our 
generation.     In  the  meantime  it  will  be  desirable,  both  on  account  of  the 
temperature  variation  and  of  the  possible  secular  variation  in  the  couple  of 
torsion,  to  check  the  gauge  by  accurate  measurements  of  the  time  of  oscilla- 
tion of  the  needle  with  its  appurtenances.     The  moment  of  inertia  of  this 
rigid  body,  except  in  so  far  as  it  may  be  influenced  by  oxidation  of  the  metal, 
of  which  I  have  as  yet  discovered  no  signs,  may  be  regarded  as  constant, 
and  therefore  the  amount  of  the  directing  couple  due  to  the  magnets  may  be 
determined  with  great  accuracy  by  finding  the  period  of  an  oscillation  when 
the  four  quadrants  are  put  in  connexion  through  the  charging  rod  with  the 
metal  i^ounting  bearing  the  guard  plates,  &c.     I  have  not  as  yet  put  into 
practice  any  of  the  obvious  methods,  founded  on  the  general  principle  of 
coincidences  used  in  pendulum  observations,  for  determining  the  period  of  the 
oscillation ;  but  although  not  more  than  twenty  or  thirty  oscillations  can  be 
counted,  it  seems  certain  that  with  a  little  trouble  the  ])eriod  of  one  of  them 
may  be  determined  without  much  trouble  to  an  accuracy  of  about  -pV  P^*^  <^ont. 

AasoLrxK  Electbometeb. 

§  17.  The  absolute  electrometer  (fig.  11,  Plate  VI.)  and  the  other  instru- 
ments of  Class  III.  are  founded  on  a  method  of  experimenting  introduced  by 
Sir  Wm.  Snow  Harris,  and  described  in  his  first  paper  '•  On  the  Elementary 
Laws  of  Electricity"  *  thirty-four  years  ago.    In  these  experiments  a  con- 

*  Philosophical  Transactions,  1834.    * 
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dactor,  hung  from  one  arm  of  a  balance  and  kept  in  metallic  communication 
with  the  earth,  is  attracted  by  a  fixed  insulated  conductor,  which  is  electrified, 
and,  for  the  sake  of  keeping  its  electric  potential  constant,  is  connected  with 
the  inner  coating  of  a  Leyden  battery.  The  first  result  which  he  announced 
is,  that,  when  other  circumstances  remain  the  same,  the  attraction  yaries  with 
the  square  of  the  quantity  of  electricity  with  which  the  insulated  body  is 
charged ;  but  "  it  is  readily  seen  that,  in  the  case  of  Mr.  Harris's  ezperi- 
''  ments,  it  will  be  so  slight  on  the  unopposed  portions  that  it  could  not  be 
perceived  without  experiments  of  a  very  refined  nature,  such  as  might 
be  made  by  the  proof  plane  of  Coulomb,  which  is,  in  fact,  with  a  slight 
"  modification,  the  instrument  employed  by  Mr.  Faraday  in  the  investigation. 
''  Now  to  the  degree  of  approximation  to  which  the  intensity  on  the  unop- 
'*  posed  parts  may  be  neglected,  the  laws  observed  by  Mr.  Harris  when  the 
''  opposed  surfaces  are  plane  may  be  readily  deduced  from  the  mathematical 
"  theory.  Thus  let  v  be  the  potential  in  the  interior  of  A,  the  chained  body, 
*'  a  quantity  which  will  depend  solely  on  the  state  of  the  interior  coating 
"  of  the  battery  with  which,  in  Mr.  Harris's  experiments,  A  is  connected, 
"  and  will  therefore  be  sensibly  constant  for  different  positions  of  A  relative 
to  the  uninsulated  opposed  body  B.  Let  a  be  the  distance  between  the 
plane  opposed  faces  of  A  and  B,  and  let  S  be  the  area  of  the  opposed  parts 
of  these  faces,  which  wiQ  in  general  be  the  area  of  the  smaller,  if  they  be 
unequal.  When  the  distance  a  is  so  small  that  we  may  entirely  neglect 
''  the  intensity  on  all  the  unopposed  parts  of  the  bodies,  it  is  readily  shown, 
from  the  mathematical  theory,  that  (since  the  difference  of  the  potentials  at 
the  surfaces  of  A  and  B  is  v)  the  intensity  of  the  electricity  produced  by 
induction  at  any  point  of  the  portion  of  the  surface  of  B  whidi  is  opposed 

"  to  A   is  -. — ,  the  intensity  at  any  point  which  is  not  so  situated  being 

''  insensible.     Hence  the  attraction  on  any  small  element  ci»,  of  the  portion  S 
"  of  the  surface  of  B,  wiH  be  in  a  direction  perpendicular  to  the  plane  and 

"  equal  to  2irf  ^ — |  *.     Hence  the  whole  attraction  on  B  is 

*'  This  formida  expresses  all  the  laws  stated  by  Mr.  Harris  as  results  of  his 
"  experiments  in  the  case  when  the  opposed  surfaces  are  plane  "  t. 

§  18.  After  many  trials  to  make  an  absolute  electrometer  founded  on  the 
repulsion  between  two  electrified  spherical  conductors  for  which  I  had  given 
a  convenient  mathematical  formula  in  §  4  of  the  paper  just  quoted,  it  occurred 
to  me  to  take  advantage  of  the  fact  noticed  by  Harris,  but  easily  seen  as  an 
immediate  consequence  of  Green's  mathematical  thcoiy,  that  the  mutual 
attraction  between  two  conductors  used  as  in  his  experiments  is  but  little 
influenced  by  the  form  of  the  unopposed  parts ;  and  in  1853,  in  a  paper  "  On 
transient  Electric  Currents  "  t,  1  described  a  method  for  measuring  differencee 
of  electric  potential  in  absolute  electrostatic .  measure  founded  on  that  idea. 
The  "  absolute  electrometer,"  which  I  exhibited  to  the  British  Association  at 
its  Glasgow  Meeting  in  1855,  was  constructed  for  the  purpose  of  putting 
these  methods  in  practice.  This  instrument  consists  of  a  plane  metal  disk 
insulated  in  a  fixed  horizontal  position  with  a  somewhat  smaller  fixed  metal 

*  See  Mathematical  Journal,  vol.  iii.  p.  275. 
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disk  hung  centrallj  over  it,  from  one  end  of  the  beam  of  a  balance.  In  two 
papers  entitled  "  Measurement  of  Electostatic  Force  produced  by  a  Battery  " 
and  "  Measurement  of  the  Electromotive  Force  required  to  produce  a  spark  in 
Air  between  parallel  metal  plates  at  different  distcmces,"  published  in  the  Pro- 
ceedings of  the  Eoyal  Society*  for  February  1860, 1  described  applications 
of  this  electrometer,  in  which,  for  the  first  time  I  believe,  absolute  electro- 
static measurements  were  made.  The  calculations  of  differences  of  potentials 
in  absolute  measure  were  made  according  to  the  formula  quoted  above  (§  17) 
from  my  old  paper  on  "  The  Elementary  Laws  of  Statical  Electricity." 

§  19.  This  formula  is  rigorous  only  if  the  distance  between  the  disks  is 
infinitely  small  in  comparison  with  their  diameters ;  and  therefore,  in  my 
earliest  attempt  to  msk.e  absolute  electrostatic  measurements,  I  used  very 
small  distances.  I  found  great  difficulty  in  securing  that  the  distance  should 
be  nearly  enough  equal  between  different  parts  of  the  plates,  and  in  measu- 
ring its  absolute  amount  with  sufficient  accuracy ;  and  found  besides  serious 
inconveniences  in  respect  of  sensibility  and  electric  range :  later  I  made  a 
great  improvement  in  the  instrument  by  making  only  a  small  central  area 
of  one  of  the  disks  moveable.  Thus  the  electric  part  of  the  instrument 
becomes  two  large  parallel  plates  with  a  circular  aperture  in  one  of  them, 
nearly  filled  up  by  a  light  circular  disk  supported  properly  to  admit  of  its 
electncal  attraction  towards  the  other  being  accurately  measured  in  absolute 
units  of  force.  The  disk  and  the  perforated  plate  surrounding  it  wiH  be 
called,  for  brevity,  the  disk  and  the  guard-plate.  The  faces  of  these  two 
next  the  other  plate  must  be  as  nearly  as  possible  in  one  plane  when  the 
disk  is  precisely  in  the  position  for  measuring  its  electric  force,  which,  for 
brevity,  will  be  called  its  sighted  position.  The  space  between  the  disk  and 
the  inner  edge  of  its  guard-ring  must  be  a  very  small  part  of  the  diameter 
of  the  aperture,  and  must  be  very  small  in  comparison  with  the  distance 
between  the  plates ;  but  the  diameter  of  the  disk  may  be  greater  than,  equal 
to,  or  less  than  the  distance  between  the  plates. 

§  20.  Mathematical  theory  shows  that  the  electric  attraction  experienced 
by  the  disk  is  the  same  as  that  experienced  by  a  certain  part  of  one  of  two 
infinite  planes  at  the  same  distance,  with  the  same  difference  of  electric 
potentials,  this  area  being  very  approximately  the  mean  between  the  area 
of  the  aperture  and  the  area  of  the  disk,  and  that  the  approximation  is  very 
good,  even  although  the  distance  between  the  plates  be  as  much  as  a  fourth  or 
fifth,  and  the  diameter  of  the  disk  as  much  as  three-fourths  of  the  diameter  of 
the  smaller  of  the  two  plates.  This  conclusion  will  be  readily  assented  to 
when  we  consider  thatf  the  resultant  electric  force  at  any  point  in  the  air 
between  the  two  plates  is  equal  numerically  to  the  rate  of  conduction  of 
heat  per  unit  area  across  the  corresponding  space  in  the  following  thermal 
analogue.  Let  a  solid  of  uniform  thermal  conductivity  replace  all  the  air 
between  and  round  the  plates ;  and  in  place  of  the  plates  let  there  be  hollow 
spaces  in  this  solid.  Let  these  hollow  spaces  be  kept  at  two  uniform  tempe- 
ratures, differing  by  a  nimiber  of  degrees  equal  numerically  to  the  differ- 
ence of  potentials  in  the  electric  system,  the  space  corresponding  to  the 
disk  and  guard-ring  being  at  one  temperature,  and  that  corresponding  to  the 
opposite  plate  at  the  other  temperature ;  and  let  the  thermal  conductivity  of 
the  solid  be  unity.     If  we  attempt  to  draw  the  isothermal  surfaces  between 

*  Phil.  Mae.  September  and  October  1860. 

t  *'  On  the  Uniform  Conduction  of  Heat  through  Solid  Bodies,  and  its  connexion  with 
the  Mathematical  Theory  of  Electricity,"  Cambridge  Mathematical  Journal,  Feb.  1842, 
and  Phil.  Mag.  July  1854. 
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the  hollow  oorresponding  to  the  continuous  plate  on  the  one  aide,  and  tiiat 
corresponding  to  ^e  disk  and  goard-iing  on  the  other  side;  we  aee  immediately 
that  they  must  he  very  nearly  plane,  from  very  near  the  diak  all  the  -way 
across  to  the  oorresponding  central  portion  of  the  opposite  plate,  hut  that 
there  will  be  a  convexity  towards  the  annular  space  between  the  diak  and 
guard-ring. 

§  21.  Thus  we  see  that  the  resultant  eleotrie  force  will,  to  a  very  elose 

approximation^  be  equal  to  =r  for  all  points  of  the  air  between  the  plates  at 

distances  from  the  outer  bounding  edges  exceeding  two  or  three  times  the 
distance  between  the  plates,  and  at  distances  from  the  interstice  between  the 
guard-ring  and  disk  any  less  than  the  breadth  of  this  interstice.  Hence  if  p 
denote  the  electric  density  of  any  point  of  the  plate  or  disk  far  enough  from 
the  edges,  we  have 

V 

P-471)' 

But  the  outward  force  experienced  by  the  surfhce  of  the  electrified  conduc- 
tor per  unit  of  area  at  any  point  is  2irp^,  and  therefore  if  F  denote  the  force 
experienced  by  any  area  A  of  the  fixed  plate,  any  part  of  which  comes  near 
its  edge,  we  have 

which  will  clearly  be  equal  to  the  attraction  experienced  by  tbe  moveable 
disk,  if  A  be  the  mean  area  defined  above.    This  gives  V=eD  ^  /~r~>  ^^ 

formula  by  which  difierenoe  of  potentials  in  absolute  electrostatic  measure 
is  calculated  from  the  result  of  a  measurement  of  the  force  F,  whiobi  it  ipQst 
be  remembered,  is  to  be  expressed  in  kinetic  units.  Thus  if  W  be  the  mass 
in  grammes  to  which  the  weight  is  equal,  we  have 

whei-e  g  is  the  force  of  gravity  in  centimetres  per  second. 

The  difficulty  which,  in  first  applying  this  method  about  twelve  years  ago, 
I  found  in  measuring  accurately  the  distance  I)  between  the  plates  and  in 
avoiding  error  from  their  not  being  rigorously  parallel,  I  now  elude  by 
measuring  only  differences  of  distance,  and  deducing  the  desired  results  from 
the  difference  of  the  oorresponding  differences  of  potentials.  Thus  let  V  be 
the  difference  of  potentials  between  the  plates  required  to  give  the  same  force 
F ;  when  the  difference  of  potentials  is  V'  instead  of  V,  we  have 

V'_V=(D'-D)y^§^. 

§  22,  The  plan  of  proceeding  which  I  now  use  is  as  follows  :T--£aeh  plate 
(fig.  11,  Plate  YI.)  is  insulated ;  one  of  them,  the  continuous  one,  for  instance, 
is  kept  at  a  potential  differing  from  the  earth  by  a  fixed  amount  tested  by  aid 
of  a  separate  idiostatic*  electrometer;  the  other  plate  (the  guiM^d-ring  and 
moveable  disk  in  metallic  communication  with  one  another)  is  alternately 
connected  with  the  earth  and  with  the  body  whose  potential  is  to  be 
measured.  The  lower  plate  is  moved  up  or  down  by  a  micrometer^screw 
until  the  moveable  disk  balances  in  a  definite  position,  indicated  by  the  hair 
(with  background  of  white  with  black  dots)  seen  through  a  lens,  as  shown  in 
fig.  11.     Before  and  after  commencing  each  series  of  electrical  experiments, 

»  See  §  40  below. 
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the  amount  of  weight  to  he  placed  on  the  upper  side  of  the  disk  to  bring  the 
hair  to  its  sighted  position  when  there  is  no  electric  force  is  determined. 
This  last  concUtton  is  secured  by  putting  the  two  plates  in  metallic  commu- 
nication with  one  another.  For  the  electric  experiments  the  weight  is 
removed,  so  that  when  the  hair  is  in  the  sighted  position  the  electric  attraction 
on  the  moveable  disk  is  equal  to  the  force  of  gravity  on  the  weight.  The 
electric  connexions  suitable  in  using  this  instrument  for  determining  in 
absolute  electrostatic  measure  the  difference  of  potentials  maintained  by 
a  galvanic  battery  between  its  two  electrodes  are  indicated  in  fig.  11. 
No  details  as  to  the  case  for  preventing  disturbance  by  currents  of  air,  and 
for  maintaining  a  dry  atmosphere,  by  aid  of  pumice  impregnated  with  strong 
sulphuric  add,  are  shown,  because  they  are  by  no  means  convenient  in  the 
instrument  at  present  in  use,  which  has  undeigone  so  many  transformations 
that  scarcely  any  part  of  the  original  structure  remains.  I  hope  soon  to 
construct  a  compact  instrument  convenient  for  general  use.  The  amount  of 
force  which  is  constant  in  each  series  of  experiments  may  be  varied  from  one 
series  to  another  by  changing  the  position  of  a  small  wire  rider  on  the  lever 
from  which  the  moveable  disk  is  hung. 

The  electric  system  here  described  is  heteroetatic  (§  40  below),  there  being 
an  independent  electrification  besides  that  whose  difference  of  potential  is  to 
be  measured. 

Portable  Electbomeieb. 

§  23.  In  the  ordinary  use  of  the  portable  electrometer  (figs.  8,  9,  &  10, 
Plate  YI.),  the  electric  system  is  heterostatic  and  quite  similar  to  that  of  the 
absolute  electrometer,  when  used  in  the  manner  described  above  in  §  22, 
But  Ihe  balance  is  not  adapted  for  absolute  measure  of  the  amount  of  force 
of  atfanction  experienced  by  the  moveable  disk ;  on  the  contrary,  it  is  pre- 
cisi^y  the  same  as  that  described  for  the  gauge  of  the  quadrant  electrometer 
in  §  13  above,  only  turned  upside  down.  Thus,  in  the  portable  instrument, 
the  square  disk  (/)  forming  part  of  the  lever  of  thin  sheet  aluminium  is 
attracted  upwards  by  a  soUd  circular  disk  of  sheet-brass  (g),  thick  enough 
for  stifOaesSr  Every  part  of  the  aluminium  lever  except  this  square  portion 
is  protected  from  electric  attraction  by  a  fixed  brass  plate  (h  h)  with  a  square 
hole  in  it)  as  nearly  as  may  be  stopped  by  the  square  part  of  the  sheet 
aluminium  destined  to  experience  the  electric  attraction,  all  other  parts  of 
the  aluminium  balance-lever  being  below  this  guard-plate.  The  aluminium 
lever  (i  it),  as  shown  in  figs.  8  Sc  10,  is  shaped  so  that  when  the  hair  (I)  at 
the  long  end  of  its  lever  is  in  its  sighted  position,  the  upper  surfaces  of  the 
fixed  guard-plate  (h)  and  moveable  aluminium  square  (/)  are  as  nearly  as 
may  be  in  one  plane.  The  mode  of  suspension  is  predHcly  the  same  as  that 
described  (§  13)  for  the  gauge  of  the  quadrant  electrometer.  In  the  portable 
instrument,  carefiil  attention  is  given  by  the  maker  to  balance  the  aluminium 
lever  by  adding  to  it  small  masses  of  shellac  or  other  convenient  substance, 
so  that  its  centre  of  gravity  may  be  in  the  line  of  its  platinum-wire  axis, 
or,  more  properly  speaking,  in  such  a  position  that  the  instrument  shall  give, 
when  electrified,  the  same  "earth-readings"  when  held  in  any  positions, 
cither  upright,  or  inclined,  or  inverted  (§  30  below).  Thus  the  condition  of 
equilibrium  of  the  balance,  when  the  hair  is  in  its  sighted  position,  is  that 
the  moment  of  ^ectric  attraction  round  the  axis  of  suspension  shall  be  equal 
to  the  moment  of  the  couple  of  torsion,  the  latter  being  as  constant  as  the 
properties  of  the  matter  concerned  (platinum  wire,  brass  stretching-springs, 
&c.)  will  allow. 
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§  24.  The  guard-plate  carrying,  by  the  platinum- wire  suspension,  the  alu- 
minium balance,  is  attached  to  the  bottom  of  a  small  glass  Leyden  jar  (m  m), 
and  is  in  permanent  metallic  communication  with  its  inside  coating  of  tmfeil. 
The  outside  tinfoil-coating  of  this  jar  is  in  permanent  metallic  communication 
with  the  outside  brass-protecting  case.  The  upper  open  mouth  of  this  case 
is  closed  by  a  lid  or  roof,  which  bears  on  its  underside  a  firm  frame  projecting 
downwards.  This  frame  has  two  V  notches,  in  which  a  stout  brass  tube  (o) 
slides,  kept  in  the  Vs  by  a  properly  placed  spring  (p),  giving  it  freedom  to  slide 
up  and  down  in  one  definite  Ime*.  Firmly  fixed  in  the  upper  end  of  this  tube 
is  a  nut  (a,  ^g.  8),  which  is  caused  to  move  up  and  down  by  a  micrometer- 
screw.  The  lower  end  of  the  shaft  of  this  screw  has  attached  to  it  a  convex 
piece  of  poUshed  steel  (6,  fig.  8),  which  is  pressed  upon  a  horizontal  agate- 
plate  rigidly  attached  to  the  framework  above  mentioned  by  a  stiff  brass  piece 
projecting  into  the  interior  of  the  brass  tube  through  a  slot  long  enough  to 
allow  the  requisite  range  of  motion.  This  arrangement  will  be  readily  under- 
stood from  the  accompanying  drawings.  It  has  been  designed  upon  obvious  geo- 
metrical principles,  which  have  been  hitherto  neglected,  so  far  as  I  know,  in  all 
nucrometer-screw  mechanisms,  whether  for  astronomical  instruments  or  other 
purposes.  The  screw-shaft  is  turned  by  a  milled  head,  fixed  to  it  at  ics  top 
outside  the  roof  of  the  instrument,  and  the  angles  through  which  it  is  turned 
are  read  on  a  circle  divided  into  100  equal  parts  of  the  circumference  (or  3°"6 
each)  from  a  fixed  mark  on  the  roof  of  the  instrument.  The  hole  in  the  roof 
through  which  the  screw-shaft  passes  is  wide  enough  to  allow  the  shaft  to 
turn  without  touching  it,  and  the  lower  edge  of  the  graduated  circle  turning 
with  the  screw  is  everywhere  very  near  the  upper  side  of  the  roof,  but  must 
not  touch  it  at  any  point.  A  second  nut  (c,  fig.  8)  above  the  effective  nut  fits 
easily,  but  somewhat  accurately,  in  the  hollow  brass  tube,  but  is  prevented 
from  turning  round  in  the  tube  by  a  proper  projection  and  slot.  Thus  the 
screw  is  rendered  sufiiciently  steady,  "wdth  reference  to  the  sliding- tube ;  that 
is  to  say,  it  is  prevented  from  any  but  excessively  small  rotations  round  axis 
perpendicular  to  the  length  of  the  screw-shaft ;  and  when  the  nut  is  kept 
from  being  turned  round  its  proper  axis,  it  forms  along  with  the  sliding- tube 
virtually  a  rigid  body.  A  carefully  arranged  spiral  spring  presses  the  two 
nuts  asunder,  and  so  causes  the  uppersides  of  the  thread  of  the  screw-shaft 
always  to  press  against  the  underside  of  the  thread  of  the  effective  nut, 
thus  doing  away  with  what  is  technically  called  in  mechanics  **  lost  time." 
In  turning  the  micrometer-screw,  the  operator  presses  its  head  gently  down- 
wards with  his  finger,  to  secure  that  its  lower  end  bears  firmly  upon  the  agate- 
plate.  It  would  be  the  reverse  of  an  improvememt  to  introduce  a  spring 
attached  to  the  roof  of  the  instrument  outside  to  press  the  screw  head  down- 
wards, inasmuch  as  however  smooth  the  top  of  the  screw-shaft  might  be 
made,  and  however  smooth  the  spring  pressing  it  down,  there  would  still  bo 
a  very  injurious  friction  impeding,  the  proper  settlement  of  the  sliding-tube 
into  its  Vs.  A  stiff  fork  (q)  stretching  over  the  graduated  circle  is  finnly 
attached  to  the  roof  outside,  to  prevent  the  screw  from  being  lifted  up  by 
more  than  a  very  small  space ;  perhaps  not  more  than  A-  of  an  inch  at  most. 
In  using  the  instrument,  the  observer  shoidd  occasionally  pull  up  the  scr«w- 
head  and  press  it  down  again,  and  gi^e  it  small  horizontal  motions,  to  make 

*  In  consequence  of  suggestions  by  Mr.  Jenkin,  it  is  probable  that  the  spring  may  be 

done  away  with,  and  the  Vs  replaced  by  rings  approximately  fitting  round  the  tube,  but 

leaying  it  quite  free  to  fall  down  by  its  own  weight.    In  consequence  of  the  RTmmetrical 

position  of  the  conrex  end  of  the  screw  oyer  the  centre  of  the  attracted  disk,  dight  lateral 

lotxona  of  the  tube  produce  no  sensible  effect  on  the  electric  attraction. 
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sure  that  when  he  is  using  it  it  is  pressed  in  properly  to  its  Ys  and  down  upon 
the  agate-plate.  A  long  arm  (d,  figs.  8  and  9)  (or  two  arms  one  above  the 
other),  firmly  attached  to  the  ediding-tube,  carries  a  pointer  which  moves  up 
and  down  with  it.  Two  fixed  guiding-cheeks  on  each  side  of  this  pointer 
prevent  the  tube  from  being  carried  round  too  fiar  in  either  direction  when  the 
screw  is  turned :  one  of  these  cheeks  is  graduated  so  that  each  division  is  equal 
in  length  to  the  step  of  the  micrometer-screw ;  this  enables  the  operator  to 
ascertain  the  number  of  times  he  has  turned  the  screw.  These  two  cheeks 
must  never  simultaneously  press  upon  the  sliding-pointer ;  on  the  contrary, 
they  must  leave  it  a  slight  amount  of  lateral  freedom  to  move.  If  this 
does  not  amount  to  *36  of  a  degree,  the  amount  of  '<  lost  time  "  produced  by 
it  will  not  exceed  -j^  of  a  division  of  the  micrometer-circle,  and  will  not  pro- 
duce any  sensible  error  in  the  use  of  the  instrument.  A  glass  rod  cemented 
to  the  lower  end  of  the  tube  prolongs  its  axis  downwards,  and  bears  the 
continuous  attracting-plate  of  the  electrometer  at  its  lower  end. 

The  object  aimed  at  in  the  mechanism  just  described  is  to  prevent  the  nut 
and  other  parts  rigidly  connected  with  it  from  any  other  motion  than  parallel 
to  one  definite  line,  and  to  leave  it  freedom  to  move  in  this  line,  unimpeded 
by  any  other  friction  than  that  which  is  indispensable  in  the  arrangement 
for  keeping  the  sliding  tube  in  its  Ys. 

§  25.  J£  the  inner  tinfoil  covering  of  the  Leyden  jar  were  completed  up  to 
the  guard-plate  bearing  the  aluminium  balance,  the  long  arm  of  this  lever 
being  in  the  interior  of  a  hollow  conductor  would  experience  no  electric  in- 
fluence, and  no  force  from  the  electrification  of  the  Leyden  jar,  or  from 
separate  electrification  of  the  upper  attracting-plate,  or,  more  strictly 
speaking,  the  electric  density  and  consequent  electric  force  on  the  long  arm 
of  the  lever  would  be  absolutely  insensible  to  the  most  refined  test  we  could 
apply,  because  of  the  smallness  of  the  gap  between  the  moveable  aluminium 
square  and  the  boundary  of  the  square  aperture  in  the  guard-plate.  But  to 
see  the  hair  on  the  long  end  of  the  lever,  and  the  white  backgroimd  with 
black  dots  behind  it,  a  good  portion  of  the  glass  under  the  guard-plate  must 
be  cleared  of  tinfoil  outside  and  inside.  Thus  the  electric  potential  of  the 
inner  coating  of  the  Leyden  jar  will  not  be  continued  quite  uniformly  over 
the  inner  surface  of  the  bared  portion  of  the  glass,  and  a  disturbance  affecting 
chiefly  the  most  sensitive  part  of  the  lever  will  be  introduced.  To  diminish 
this  as  much  as  possible  without  inconveniently  impeding  vision,  a  double 
screen  of  thin  wire  fences,  in  metallic  communication  with  the  inner  tinfoil 
coating  and  the  guard-plate,  is  introduced  between  the  end  of  the  lever  and 
the  glass  through  which  it  is  observed. 

§  26.  A  very  light  spiral  spring  (r)  connects  the  upper  attracting-plate  with 
a  brass  piece  supported  upon  a  fixed  vertical  glass  column  projecting  down- 
wards from  the  roof  of  the  iustrument.  This  brass  piece  bears  a  stout  wire  (a), 
called  the  main  electrode,  projecting  vertically  upwards  along  the  axis  of  a 
brass  tube  open  at  each  end,  fixed  in  an  aperture  in  the  roof  so  as  to  project 
upwards  and  downwards,  as  shown  in  fig.  9. 

§  27.  The  top  of  the  main  electrode  bears  a  brass  sliding-piece  (<),  which, 
when  raised  a  little,  serves  for  umbrella  and  wind-guard  without  disturbing  the 
insulation ;  and  when  pressed  down  closes  the  aperture  and  puts  the  electrode 
in  metallic  connexion  with  the  roof  of  the  instrument.  When  the  instru- 
ment is  to  be  used  for  atmospheric  electricity  (unless  at  a  fixed  station),  a 
steel  wire,  about  20  centimetres  long,  is  placed  in  the  hole  on  the  top  of  the 
sliding  brass  piece  just  mentioned,  and  is  thus  held  in  the  vertical  position. 
A  burning  match  is  attached  to  its  upper  end,  which  has  the  eflect  of 
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bringing  the  potential  of  the  chief  electrode  and  upper  attracting-plaie  &c. 
all  to  the  potential  of  the  air  at  the  point  where  the  match  bums*.  The 
instrument  is  either  held  in  the  obserrer's  hand,  or  it  is  placed  upon  a  fixed 
support,  and  care  taken  that  its  outer  brass  case  is  in  connexion  with  the 
eardi.  When  the  difference  of  potentials  between  two  conductors  is  to  be 
tested,  one  of  these  is  connected  with  the  brass  case  of  the  instrument,  and 
the  other  with  the  chief  electrode,  the  umbrella  being  kept  up.  If  both 
of  these  conductors  must  be  kept  insulated  from  the  earth,  the  brass  case  of 
the  electrometer  must  be  put  on  an  insulating  stand,  and  the  micrometer- 
screw  turned  by  an  insulating  handle. 

§  28.  A  lead  cup  {e  e,  fig.  8),  supported  by  metal  pillars  from  the  roof  and 
carrying  pieces  of  pumice-stone,  held  in  their  place  by  India-rubber  bands, 
completes  the  instrument.  The  inner  surface  of  the  glass  must  be  dean,  and 
particles  of  dust,  minute  shreds  or  fibres,  Ac.  removed  as  carefully  as  pcmible, 
especially  from  the  lower  surface  of  the  upper  attranting-plate,  and  the  upper 
surface  of  the  guard-plate  and  aluminium  square  facing  it  from  below.  The 
pumice  is  prepared  by  moistening  it  with  a  few  drops  of  strong  pure  sulphuric 
acid.  Ordinary  sulphuric  acid  of  commerce  should  be  boiled  with  sulphate  of 
ammonia  to  free  it  from  volatile  acid  vapours,  and  to  strengthen  it  sufficiently 
by  removing  water  if  the  acid  be  not  of  the  strongest.  There  should  not  be 
so  much  acid  applied  to  the  pumice  as  to  make  it  have  the  appearance  of 
being  moist,  but  there  must  be  enough  to  maintain  a  sufficiently  dry  atmo- 
sphere within  the  instrument  for  very  perfect  insulation  of  the  Leyden  jar, 
which  I  find  does  not  in  general  lose  more  of  its  charge  than  5  per  cent,  per 
week,  when  the  pumice  is  properly  acidulated.  Thus  there  is  no  tendency 
of  the  liquid  to  drop  out  of  the  pumioe ;  and  the  pumice  being  properly 
secured  by  the  india-rubber  bands,  the  instrument  may  be  thrown  about 
with  any  force,  short  of  that  which  might  break  the  glass  jar  or  either  of 
the  glass  stems,  without  doing  any  damage ;  but  to  ensure  this  hardiness 
the  sheet  aluminium  of  which  the  balance  is  made  must  be  very  thin.  After 
several  weeks'  use  the  pumice  may  commence  to  look  moist,  and  even  slight 
traces  of  moisture  may  be  seen  on  the  outside  of  the  lead  cup,  in  conse- 
quence of  watery  vapour  attracted  by  the  sulphuric  acid  from  the  atmosphere ; 
but  the  pumice  should  then  be  taken  and  dried.  At  all  events  this  must  be 
done  in  good  time,  before  enough  of  liquid  has  collected  to  give  any  tendency 
to  drop.  In  all  climates  in  which  I  have  hitherto  tested  the  instrument, 
I  have  found  the  pumice  effective  for  insulation  and  safe  in  keeping  all  the 
liquid  to  itself  for  two  months.  But  it  having  been  reported  to  me  by  Mr. 
Becker  that  many  instruments  have  been  returned  to  Imn  in  a  ruinous  con- 
dition from  drops  of  sulphuric  acid  having  become  scattered  through  their 
metal  work,  I  now  cause  to  be  engraved  conspicuously  on  the  outer  caee  of 
the  instrument  "  pttmicb  bakgbbous,  if  wot  dried  okce  a  voirrK ;"  also  a 
frame  carrying  a  card,  on  which  the  dates  of  drying  are  inscribed,  to  bo 
placed  in  a  convenient  position  on  the  roof  of  the  instrument. 

§  29.  To  prepare  the  instrument  for  use,  the  inner  coating  of  the  Leyden 
jar  must  be  charged  through  a  charging  rod,  insulated  in  a  vulcanite  or 
glass  tube,  and  let  down  for  the  occasion  through  a  hole  in  the  rcof  of  the 
instrument,  by  aid  of  a  small  electrophorus,  which  generally  accompanies 
the  instrument,  or  by  an  electrical  machine.  I  generally  prefer  to  give  a 
negative  charge  to  the  inner  coating,  as  I  have  not  found  any  {ilty-* 
sical  reason,  such  as  that  mentioned  in  §  9  above,  to  prefer  a  positive  ehaige 

*  SedNichors  CyclopaBdia,  article  "Electricity,  Atmosphwic,"  2nd  edition,  18^;  or 
<*Boyal  Institution  Lecture  on  Aittioe{»herio  Eleclricity,"  May  1860. 
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to  a  negative  charge ;  and  the  negaiire  charge  gives  increased  readings  of 
the  micrometer,  in  the  ordinary  use  of  the  instrument,  to  correspond  to 
positive  charges  of  the  principal  electrode,  as  will  bo  presently  explained. 
Before  commencing  to  charge  the  jar,  the  upper  attrae ting-plate  should  be 
moved  to  nearly  the  Mghest  position  of  its  range  by  the  micrometer-screw, 
otherwise  too  strong  a  force  of  electric  attraction  may  be  put  upon  the 
aluminium  square ;  and  besides,  the  jar  will  discharge  itself  between  the 
upper  plate  and  the  extreme  edge  of  the  aluminium  square,  pulled  as  it  is 
very  much  above  the  level  of  the  guard-plate  by  the  electric  attraction.  I 
have  not  found  any  itijury  or  change  of  electric  value  of  the  scale-divisions 
to  arise  from  any  such  rough  usage  ;  but  still,  to  guard  against  such  a  possi- 
bility, I  jNTopose  to  add  to  the  guard-plate  checks  to  pre  rent  the  comers  of 
the  aluminium  from  rising  much,  if  at  all,  above  its  level,  and  to  conduct  the 
discharge  and  protect  the  aluminium  and  platinum  from  the  shock,  in  case  of 
the  upper  plate  being  brought  too  near  the  low^er.  Wlien  the  instrument  is 
being  charged,  or  when  it  is  out  of  use  at  any  time,  the  imibrella  should 
always  be  kept  down  ;  but  it  must  be  raised  to  insulate  the  principal  elec- 
trode, of  course,  before  proceeding  to  apply  this  to  a  body  whose  difference 
of  potential  from  a  body  connected  with  the  case  of  the  instrument  is  to  be 
measured* 

§  30*  In  using  the  instrument  the  umbreUa  must  very  frequently  be  lowered, 
or  metallic  communication  established  in  any  other  convenient  way  between 
the  chief  electrode  and  the  outer  brass  case,  the  micrometer-screw  turned 
until  the  hair  takes  its  sighted  position,  and  the  reading  taken,  the  hundreds 
being  read  on  the  interior  vertical  scale,  and  the  units  (or  single  divisions  of 
the  circle)  on  the  graduated  circle  above.  The  number  thus  found  is  called 
the  earth-reading.  It  measures  the  distance  from  an  arbitrary  zero  positioa 
to  the  position  in  which  the  upper  attracting-plate  must  be  placed  to  give 
the  amount  of  electric  force  on  the  aluminium  square  which  balances  the 
lever  in  its  sighted  position.  A  constant  added  to  the  earth-reading,  or  sub- 
tracted from  it,  gives  (§  1)  a  number  simply  proportional  to  the  diiference 
of  potentials  between  the  upper  and  lower  plate ;  that  is  to  say,  between  the 
two  coatings  of  the  Leyden  jar.  The  vertical  scale  and  micrometer-circle 
are  numbered,  so  that  increased  distances  between  the  plates  givea  increased 
readings ;  and  the  zero  reading  should  correspond  as  nearly  as  may  be  to 
sero  cdstance  between  them;  although  in  the  instruments  hitherto  made 
no  pains  have  been  taken  to  secure  this  condition,  even  somewhat  approxi-^ 
mately.  If  it  is  desired  to  know  the  constant,  an  electrical  experiment 
must  be  made  to  determine  it,  which  is  done  with  ease ;  but  this  is  not 
necessary  for  the  ordinary  use  of  the  instrument,  which  is  as  follows. 

§  31.  First,  an  earth-reading  is  taken,  then  the  upper  electrode  is  insulated 
by  raising  the  umbrella,  or  otherwise  breaking  connexion  between  the  prin- 
cipal electrode  and  the  outer  metal  case  of  the  instrument.  The  principal 
electrode  and  the  outer  case  are  then  connected  with  the  two  bodies  whose 
difference  of  potential  is  to  be  determined,  and  the  micrometer-screw  is 
turned  untU  the  hair  is  brought  to  its  sighted  position.  The  reading  of 
hundreds  on  the  vertical  scale  and  units  on  the  circle  is  then  taken.  Lastly^ 
the  principal  electrode  is  again  connected  with  the  case  of  the  instrument 
and  another  earth -reading  is  taken.  If  the  second  earth -reading  differs 
from  the  first,  the  observer  must  estimate  the  most  probable  earth-reading 
for  the  moment  when  the  hair  was  in  its  sighted  position,  with  the  upper 
plate  and  the  metal  case  in  connexion  with  the  two  bodies  whose  difference 
of  poteibtial  is  to  be  measured.    The  estimated  earth-reading  is  to  be-  sub* 
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tracted  from  the  reading  taken  in  connexion  with  the  bodies  to  be  tested. 
This  difference  measures  (§  21)  the  required  difference  of  potentials  between 
them  in  units  of  the  instrument.  The  value  of  the  unit  of  the  instrument 
ought  to  be  known  in  absolute  electrostatic  measure ;  and  the  difference  of 
reading  found  in  any  experiment  is  to  be  multiplied  by  this;  which  is  called 
(§1)  the  absolute  coefficient  of  the  instrument,  to  give  the  required  dif- 
ference of  potentials  in  absolute  measure.  It  so  happens  that,  in  the 
portable  electrometers  cf  the  kind  now  described  which  have  been  hitherto 
constructed,  the  absolute  coefficient  is  somewhere  about  *01,  so  that  one  turn 
of  the  screw,  or  100  divisions  of  the  circle,  corresponds  to  somewhere 
about  one  electrostatic  unit,  with  a  gramme  for  the  imit  of  mass,  a  centi- 
metre for  the  unit  of  distance,  and  a  second  for  the  unit  of  time ;  but  the 
different  instruments  differ  from  one  another  by  as  much  as  ten  or  twenty 
per  cent,  in  their  absolute  coefficients.  In  all  of  these  I  have  found  between 
three  and  four  Daniell's  cells  to  correspond  to  the  unit  division ;  that  is  to 
say,  between  three  hundred  and  four  hundred  cells  to  a  full  turn  of  the 
screw.  With  great  care,  the  observer  may  measure  small  differences  of 
potentials  by  this  instrument  to  the  tenth  part  of  a  division  (or  to  about 
half  a  Daniell's  cell).  With  a  very  moderate  amount  of  practice  and  care, 
an  error  of  as  much  as  a  half  division  may  be  avoided  in  each  reading. 

§  32.  But  there  are  imperfections  in  the  instrument  itself  which  make  it 
difficult  or  impossible  to  secure  very  minute  accuracy,  especially  in  measure- 
ments through  wide  ranges. 

(1)  In  the  first  place,  I  am  not  sure  that  the  end  of  the  needle 
cafSftiig  the  hair  is  protected  sufficiently  by  the  wire  fences  (§25)  from 
eleetric  disturbance  to  provide  against  any  error  from  this  source,  which 
poavbly  introduces  serious  irregularities. 

(2)  In  the  second  place,  the  capacity  of  the  jar  in  the  small  portable 
inurnment  is  not  sufficient  to  secure  that  the  potential  of  its  inner  coating 
shall  not  differ  sensibly  with  the  different  distances  to  which  the  upper  plate 
is  brought,  to  balance  the  aluminium  lever  with  the  hair  in  its  sighted  po- 
sition. But  on  this  point  it  is  to  be  remarked  that  the  electric  density  on 
the  upper  surface  of  the  guard-plate  is  in  its  central  parts  always  the  same 
when  the  hair  is  in  its  sighted  position ;  and  it  is  therefore  only  the  compa- 
ratively small  difference  of  the  quantity  of  electricity  on  this  surface,  towards 
the  rim,  corresponding  to  different  distances  of  the  attracted  plate,  that 
causes  difference  of  potential  in  the  inner  coating  of  the  jar.  But  if  the  upper 
attracting-plate  be  kept  for  several  minutes  at  any  distance,  differing  by  a 
few  turns  of  the  screw,  from  that  which  brings  the  hair  to  its  sighted 
position,  the  electricity  creeps  along  the  inner  unconnected  surface  of  the 
glass  so  as  to  increase  the  charge  of  the  inner  metallic  coating,  or  diminish 
it,  according  as  the  distance  is  too  great  or  too  small.  If  then  quickly  the 
screw  be  turned  and  the  earth-reading  taken,  it  is  found  greater  or  smaller, 
as  the  case  may  be,  than  previously  ;  but  after  a  few  minutes  more  it  returns 
to  its  previous  value  very  approximately.  Error  from  this  source  may  bo 
practically  avoided  by  taking  care  never  to  allow  the  hair  to  remain  for  more 
than  a  few  minutes  far  from  its  sighted  position ;  never  so  far,  for  instance, 
as  above  the  centre  of  the  upper,  or  below  the  centre  of  the  lower  dots. 

(3)  A  third  source  of  error  arises  from  change  of  temperature  influencing 
the  indications.  In  most  of  the  instruments  hitherto  made  1  have  found 
that  the  warmth  of  the  hand  produces  in  a  few  minutes  a  very  notable  aug- 
mentation of  the  earth-reading  (as  it  were  an  increased  charge  in  the  jar) ; 
but  in  the  last  instrument  which  I  have  tested  (White  Ko»  18)  I  jBna  the 
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reverse  effect,  the  eartli-reading  becoming  smaller  as  the  instrument  is 
warmed,  or  larger  when  it  is  cooled.  I  have  ascertained  that  these  changes 
are  not  due  to  changes  in  the  electric  capacities  of  the  Leyden  jars  ;  and  I 
have  found  that  the  change,  if  any,  of  specific  inductive  capacity  of  glass  by 
change  of  temperature  is  excessively  small,  in  comparison  to  what  would  be 
required  to  account  for  the  temperature  errors  of  these  instruments,  which 
probably  must  be  due  to  thermo-elastic  properties  of  the  platinum  wire,  or 
of  the  stretching-springs,  or  of  the  aluminium  balance-lever,  or  to  a  com- 
bination of  the  effects  depending  on  such  properties ;  but  I  have  endeavoured 
in  vain,  for  several  years,  and  made  many  experiments,  to  discover  the  precise 
cause.  It  surely  will  be  found,  and  means  invented  for  remedying  the  error, 
now  when  I  have  an  instrument  in  which  the  error  is  in  the  opposite  di- 
rection to  that  of  most  of  the  other  instruments.  It  is  of  course  much 
greater  in  some  instruments  than  in  others  :  in  some  it  is  so  great  that  the 
earth-reading  is  varied  by  as  much  as  twenty  divisions  by  the  warmth  of  the 
hand  in  the  course  of  ffve  or  ten  minutes  after  commencing  to  use  the  in- 
strument, if  it  has  been  previously  for  some  time  in  a  cold  place.  Its  in- 
fluence may  be  eliminated,  not  quite  rigorously,  but  nearly  enough  so  for  most 
practical  purposes,  by  fi^equently  taking  earth-readings  (§  30)  and  proceeding 
according  to  the  directions  of  §  31. 

(4)  A  fourth  fault  in  the  portable  electrometer  is,  that  the  diameter  of 
the  guard-plate  and  upper  attracting  disk,  which  ought  to  be  infinite,  are  not 
sufficiently  great,  in  proportion  to  the  greatest  distance  between  them,  to 
render  the  scale  quite  uniform  in  its  electric  value  throughout.  A  careful 
observer  will,  however,  remedy  the  greater  part  of  the  error  due  to  this 
defect,  by  measuring  experimentally  the  relative  (or  absolute)  values  of  the 
scale-division  in  different  parts  of  the  range,  lliere  will,  however,  remain 
uncorrected  some  irregularity,  due  to  influence  of  the  distribution  of  elec- 
tricity over  the  uncoated  inner  surface,  in  the  instruments  as  hitherto  made, 
in  all  of  which  the  inner  surface  of  the  jar  is  coated  with  tinfoil  only  below 
the  guard-plate,  so  that  the  upper  surface  of  the  guard-plate  may  be  seen 
clearly,  in  order  that  the  observer  may  always  see  that  all  is  in  order  about 
the  aluminium  square  and  aperture  round  it ;  and  particularly  that  there 
are  no  injurious  shreds  or  minute  fibres.  But  the  irregular  influence  of  the 
electrification  of  the  uncoated  glass,  if  found  sensible,  will  be  rendered  insen- 
sible by  continuing  the  tinfoil  coating  an  inch  above  the  upper  surface  of 
the  guard-plate. 

§  33.  Ail  fiiults,  except  the  temperature  error,  depend  on  the  smallness  of 
the  instrument ;  and  if  the  observer  chooses  to  regard  as  portable  an  instru- 
ment of  thirty  centimetres  (or  a  foot)  diameter,  with  all  other  dimensions, 
and  all  details  of  construction,  the  same  as  those  of  the  instrument  described 
above,  he  may  have  a  portable  electrometer  practically  free  from  three  of  the 
four  faults  described.  But  it  is  scarcely  to  be  expected  that  a  small  instru- 
ment (12^  centimetres  high,  and  8^  centimetres  in  diameter)  which  may  be 
carried  about  in  the  pocket  can  be  free  from  such  errors.  They  are, 
however,  so  far  remedied  as  to  be  probably  not  perceptible  in  the  large  sta- 
tionary instrument  which  I  now  proceed  to  describe. 

Standard  Electbometer. 

§  34.  This  instrument  (figs.  12, 13,&  14,  Plate  VI.)  differs  from  the  portable 
electrometer  only  in  dimensions,  and  in  certain  mechanical  details,  which  are 
arranged  to  give  greater  accuracy  by  taking  advantage  of  freedom  from  the  exi- 
gencies of  a  small  portable  instrument.    It  is  at  present  called  the  standard 
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electrometer,  in  anticipation  of  either  remedying,  or  of  learning  to  perfectly 
allow  for,  the  temperature  error,  and  of  finding  hy  Becular  experiments  on  the 
elasticity  of  metals,  that  their  properties  used  in  the  instniment  are  satisfactory 
as  regains  the  permanence  from  year  to  yecu*,  and  from  century  to  century,  of 
the  electric  value  of  its  reading.  It  is  an  instrument  capable  of  being  applied 
with  great  ease  to  very  accurate  measurements  of  differences  of  potential,  in 
terms  of  its  own  unit.  The  value  of  the  unit  for  each  such  standard  instrn- 
ment  ought,  of  course,  to  be  determined  with  the  greatest  possible  accuracy 
in  absolute  measure ;  and  until  confidence  can  be  felt  as  to  its  secular  con« 
stancy,  determinations  should  frequently  be  made  by  aid  of  the  absolute 
electrometer. 

§  86.  The  Leyden  jar  of  the  standard  electrometer  consists  of  a  large  thin 
white-glass  shade  coated  inside  and  outside  to  within  6  centimetres  of  its  lip, 
and  placed  over  the  instrument  as  an  ordinary  glass  shade,  to  protect  against 
dust,  currents  of  air,  and  change  of  atmosphere.  It  may  be  removed  at  plea- 
sure from  the  cast-iron  sole  of  the  instrument,  and  then  the  interior  works 
are  seen,  consisting  of 

(1)  A  continuous  disk  of  brass  supported  on  a  glass  stem,  in  prolongation 
of  a  stout  brass  rod  or  tube  sliding  vertically  in  Vs,  in  which  it  is  kept  by 
a  spring,  and  resting  with  its  lower  flat  end  on  the  upper  end  of  a  micrometer- 
screw  shaft,  shown  in  fig.  13,  where  the  screw,  graduated  circle,  and  stout 
brass  rod  are  as  seen  in  the  instrument ;  the  perforated  brass  disk  (which  is 
intended  to  keep  the  round  upper  end  of  the  screw-shaft  in  position)  is 
shown  in  section  in  fig.  14. 

(2)  Resting  on  three  glass  columns,  a  guard-plate  with  a  square  aperture 
in  its  centre,  and  canying  on  its  upper  side  stretching-springs  and  thin  plati- 
num-wire suspension  of  an  aluminium  balance-lever,  shaped  like  those  of  the 
gauge  (§  13)  and  the  portable  (§  23)  already  described,  but  somewhat  larger. 
The  tops  of  the  three  glass  columns  are  rounded ;  a  round  hole  and  a  short 
slot  in  line  with  this  hole  are  cut  in  the  guard -plate  and  receive  the  rounded 
ends  of  two  of  the  columns,  which  arc  somewhat  longer  than  the  thiid. 
The  fiat  smooth  lower  surface  of  the  guard-plate  rests  simply  on  the  top  of 
the  third  glass  column.     The  diameter  of  the  round  hole  and  the  breadth  of 

the  slot  in  the  guard-plate  may  be  about  -— --  of  the  diameter  of  curvaturo  of 

the  upper  hemispherical  rounded  ends  of  the  glass  column,  so  that  the 
bearing  portions  of  the  rounded  ends  in  the  round  hole  and  in  the  slot  re- 
spectively may  be  inclined  somewhere  about  45®  to  the  plane  of  the  plate. 
This  Well-known  but  too  often  neglected  geometrical  arrangement  gives 
perfect  steadiness  to  the  supported  plate,  without  putting  any  transverse 
strain  upon  the  supporting  glass  columns,  such  as  was  almost  inevitable,  and 
caused  the  breakage  of  many  glass  stems,  before  mental  inertia  opposing 
deviations  from  the  ordinary  instrument-maker's  plan  (of  screwing  the  guard- 
plate  to  brass  mountings  cemented  to  the  tops  of  the  glass  columns)  was  over- 
come. It  has  also  the  advantage  of  allowing  the  guard-plate  to  be  lifted  off 
and  replaced  in  a  moment. 

(3)  Principal  electrode  projecting  downwards  through  a  hole  in  the  sole 
of  the  instrument,  and  rigidly  supported  from  above  by  a  brass  mounting 
cemented  to  the  top  of  a  thick  vertical  glass  column,  connected  by  a  light 
spiral  spring  with  the  lower  attracting-plate  moved  up  and  down  by  the 
micrometer-screw.  The  aperture  round  the  principal  electrode  may  be 
ordinarily  stopped  by  a  perforated  column  of  well-parafiined  vulcanite  pro- 
jecting some  distance  above  and  below  the  aperture,  which  I  find  to  insulate 
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extremely  well,  even  in  the  smoky,  dusty,  and  acidulated  atmospbere  of 
Glasgow.  When  an  extremely  perfect  insulation  of  the  principal  electrode 
and  conneoted  attracting-plate  is  required,  the  Yulcanite  stopper  surrounding 
it  may  be  removed,  so  that  the  only  communication  between  the  electrode 
and  the  case  of  the  instrument  may  be  along  the  two  glass  columns  in  the 
artificially  dried  interior  atmosphere  of  the  case  ;  but  from  day  to  day,  when 
the  instrument  is  out  of  use,  the  aperture  round  the  principal  electrode  should 
be  kept  carefully  stopped,  if  not  by  a  vulcanite  insulator  by  a  perforated  cork 
(although  I  find  but  little  loss  of  insulation,  either  by  the  inner  glass  surface 
of  the  Leyden  jar  or  by  the  three  glass  columns,  when  this  precaution  is 
neglected). 

(4)  Temporary  charging^rod  supported  by  a  vertical  perforated  cobimn  of 
paraffined  vulcanite,  or  a  glass  tube  well  varnished  outside  and  thickly  paraf- 
fined inside.  The  insulating  column  bearing  this  charging-rod  is  turned 
round  till  a  horizontal  spring  projecting  irom  its  upper  end  touches  the  inner 
coating  of  the  jar,  when  this  is  to  be  charged  from  an  independent  source, 
or  when,  for  any  other  experimental  reason,  it  is  to  be  put  in  connexion  with 
a  eonductor  outside  the  case  of  the  instrument. 

(5)  A  small  replenisher  of  the  kind  described  for  the  quadrant  eleotr^imetar 
(§  12),  but  with  much  wider  air- spaces  to  prevent  discharge  by  sparks. 

(6)  A  large  glass  or  lead  dish  to  hold  as  large  masses  of  pumioe  as  maybe, 
which  are  to  be  kept  sufficiently  impregnated  with  strong  sulphuric  acid. 

§  36.  A  considerable  position  of  the  jar  above  the  guard-plate  is  leifb  un- 
ooated  to  allow  the  observer  to  see  easily  the  hair  and  white  baokgroundwith 
black  dots ;  also  several  other  smaller  parts  of  the  glass  above  the  guard-plate 
are  left  unooated  to  admit  light  to  allow  a  small  circular  level  on  the  upper 
side  of  the  guard-plate  to  be  seen.  The  long  arm  of  the  aluminium  balanoe- 
lever  is  very  thoroughly  guarded  by  double  cages  and  fences  of  wire  (§  25), 
so  that  it  oan  experience  no  sensible  influence  from  electric  disturbing  forces 
when  the  covering  jar  is  put  in  position  and  electric  connexion  is  established 
between  its  inner  coating  and  the  guard-plate  by  projecting  flexible  wires  or 
slips  of  metal. 

§  37.  The  aluminium  square  plate  is  somewhat  larger,  and  the  platinum 
bearing  wire  somewhat  longer  in  this  instrument  than  in  the  portable  eleetio- 
meter,  to  render  it  sensible  to  smaller  differences  of  potential.  The  step  of 
the  screw  is  the  same  as  in  the  portable  (yf^  of  an  inch),  and  one  division 
(riir  ^^  ^®  circumference  of  the  screw-head)  corresponds  to  a  difference  of 
potentials  which,  roughly  speaking,  is  equal  to  about  that  of  a  single  cell  of 
Baniell's.  The  efi^ective  range  of  tbe  instrument  is  about  sixty  turns  of  the 
screw,  and  therefore  about  6000  cells  of  DanieU's.  That  of  the  portable 
electrometer  is  about  15  turns  of  the  screw  (equivalent  to  about  5000  cells). 
Neither  of  these  instruments  has  sufficient  range  to  measure  the  potential  to 
which  Leyden  jars  are  charged  in  ordinary  electric  experiments,  or  those 
reached  by  the  prime  conductor  of  a  powerful  electric  machine.  The  station- 
ary instrmnent  with  its  long  screw  and  its  large  plates  now  described,  would 
go  far  towards  meeting  this  want  if  its  aluminium  lever  and  platinum  sus- 
pension were  made  on  the  same  scale  as  those  of  the  portable  electrometer ; 
but  for  an  instrument  never  wanted  to  directly  measure  difierenoes  of  poten- 
tials of  less  than  two  or  three  thousand  cells,  the  heterostatic  (§  40)  principle 
is  in  general  not  useful,  and  therefore  I  have  constructed  the  following  yery 
simple  idiostatic  (§  40)  instrument,  which  is  adapted  to  measure  with  con- 
siderable accuracy  differences  of  potential  from  4000  cells  upwards,  to  about 
80,000  cells. 
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§  38.  In  this  (€ig,  16,  Plate  VI.)  the  contmuous  attracting-plate  is  above, 
and  the  guard-plate  with  aluminium  balance  below,  as  in  the  portable  elec- 
trometer ;  but,  as  in  the  standard  stationary  electrometer,  the  upper  plate  is 
fixed  and  the  lower  plate  is  moved  up  and  down  by  a  micrometer-screw.  The 
mechanism  of  the  screw  and  slide  has  all  the  simplicity  and  consequent  accu- 
racy of  that  of  the  standard  electrometer.  In  the  only  long-range  instrument 
yet  constructed  the  step  of  the  screw  is  the  same  as  that  of  the  others  {^  of 
an  inch).  In  future  instruments  it  would  be  well  either  to  have  a  longer  step 
or  to  have  a  simple  mechanism  (which  can  be  easily  added)  to  give  a  quick 
motion ;  as  in  the  use  of  the  present  instrument,  the  turning  of  the  screw  re- 
quired for  great  changes  of  the  potential  measured  is  very  tedious.  The  guard- 
plate  projects  by  more  than  an  inch  all  round  beyond  the  rim  of  the  upper 
attracting-plate ;  partly  to  obviate  the  necessity  of  giving  it  a  thick  rim,  which 
would  be  required  to  prevent  brushes  and  sparks  originating  in  it,  if  it  had 
only  the  same  diameter  as  the  continuous  plate  above,  and  partly  to  guard 
the  observer  from  receiving  a  spark  or  shock  in  measuring  the  potential  of 
an  elfietric  machine  or  of  a  Leyden  battery,  and  to  prevent  the  hair  from  being 
attracted  to  the  upper  plate.  Thus  the  guard-plate  is  allowed  to  be  no  thicker 
than  suffices  for  stiffiiess,  and  this  allows  the  observer  to  see  the  hair  at  the 
end  of  the  aluminium  balance-lever  without  the  lever  being  made  of  a  dy- 
namically disadvantageous  shape,  as  would  be  necessary  if  the  guard-plate 
were  thick  or  had  a  thick  rim  added  to  it.  No  glass  case  is  required  for  this 
instrument.  The  smallness  of  the  needle  and  the  greatness  of  the  electric 
force  acting  on  it  cu-e  such  that  I  find  in  practice  no  disturbance  to  any  in- 
convenient degree  by  ordinary  currents  of  air;  although  it  and  all  these 
attracted  disk  instruments  show  the  influence  of  sudden  change  of  baro- 
metric pressure,  such  as  that  produced  by  opening  or  shutting  a  door.  If 
not  kept  under  a  glass  shade  when  out  of  use,  the  lower  surface  of  the  upper 
attracting-plate  and  the  lower  surface  of  the  guard-plate  and  attracted  alu- 
minium square  should  be  carefully  dusted  by  a  dry  cool  hand.  Generally 
speaking,  none  of  the  vital  electric  organs  of  an  electrometer  should  be 
touched  by  a  cloth^  as  this  is  almost  sure  to  leave  shreds  fatal  to  their  healthy 
action. 

§  39.  The  effective  range  of  this  instrument  is  about  200  turns  of  the  screw; 
ratiher  greater  force  of  torsion  is  given  than  in  the  portable  electrometer,  and 
a  rather  smaller  attracted  disk  may  be  used,  so  that  upwards  of  four  cells 
may  be  the  electric  value  of  one  division.  The  instrument  in  its  present  state 
measures  nearly  but  not  quite  the  highest  potential  I  can  ordinarily  produce 
in  the  conductor  of  a  good  Winter's  electric  machine,  which  sometimes  gives 
sparks  and  brushes  a  foot  long. 

§  40.  The  classification  of  electrometers  given  above  is  founded  on  the  shape 
and  kinematic  relations  of  their  chief  organic  parts ;  but  it  will  be  remarked 
that  another  principle  of  classification  is  presented  by  the  different  electric 
systems  used  in  them,  which  may  be  divided  into  two  classes : — 

I.  Idiostatic,  that  in  which  the  whole  electric  force  depends  on  the  electri- 
fication which  is  itself  the  subject  of  the  test. 

II.  Heterostatic,  in  which,  besides  the  electrification  to  be  tested,  another 
electrification  maintained  independently  of  it  is  taken  advantage  of. 

Thus,  for  example,  the  long-range  electrometer  (§§  38,  39)  is  simply 
idiostatic  and  is  not  adapted  for  heterostatic  use ;  but  each  of  them  may  be 
used  idiostatically.     The  absolute  electrometer  was  at  first  simply  idiostatic 
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(§§  17-21) ;  more  recentiy  it  has  been  used  heterostatically,  and  is  about  to 
acquire  (§  22)  special  organs  adapted  for  heterostatic  use ;  as  yet,  however, 
no  species  of  the  absolute  electrometer  promising  permanence  has  come  into 
existence. 

§  41.  It  is  instructive  to  trace  the  origin  of  various  heterostatic  species  of 
electrometers  by  natural  selection.  A  body  hanging,  or  otherwise  symmetri- 
cally balanced,  in  the  middle  of  a  symmetrical  field  offeree,  but  free  to  move 
in  one  direction  or  the  other  in  a  line  tangential  to  a  line  of  force,  moves  in 
one  direction  or  the  opposite  when  electrified  positively  or  negatively. 
Bohnenberger's  arrangement  of  this  kind  has  a  convenient  and  approximately 
constant  field  of  force ;  and  his  instrument  was  chosen  in  preference  to  others 
which  may  have  been  equally  sensitive,  but  were  less  convenient  and  constant, 
and  it  became  a  permanent  species. 

§  42.  Bonnet's  gold-leaf  electroscope,  constructed  with  care  to  secure  good 
insulation,  electrified  sufficiently  to  produce  a  moderate  divergence,  has  been 
often  used  to  test,  by  aid  of  this  electrification,  the  quality  of  the  electrifica- 
tion of  an  electrified  body  brought  into  the  neighbourhood  of  its  upper  pro- 
jecting electrode,  causing,  if  its  electricity  is  of  the  same  sign  as  that  of  the 
gold  leaves,  increase  of  divergence ;  if  of  the  opposite  sign,  diminution.  By 
connecting  the  upper  electrode  with  the  inner  coating  of  a  Leyden  jar  with 
internal  artificially  dried  atmosphere,  the  charge  of  the  gold  leaves  may  be 
made  to  last  with  little  loss  from  day  to  day ;  and  by  insulating  Faraday's 
metal  cage  (§  2)  round  the  gold  leaves  and  alternately  connecting  it  with 
the  earth  and  with  a  conductor  whose  difference  of  potentials  from  the  earth 
is  to  be  tested,  an  increase  or  a  diminution  of  divergence  is  observed  accord- 
ing as  this  difference  is  negative  or  positive,  the  gold  leaves  being  positive. 
Hence  (through  Peltier's  and  Delmann's  forms)  the  heterostatic  stationary  and 
portable  repidsion  electrometers,  described  in  the  B^yal  Institution  Lecture 
on  "Atmospheric  Electricity  "  and  in  Nichol's  Cyclopaedia,  article  **  Electricity, 
Atmospheric,"  already  referred  to,  of  which  one  species  still  survives  in 
King's  Coll^^,  Nova  Scotia,  and  in  the  Natural  Philosophy  Class  Boom  of 
Edinburgh  University.  The  same  form  of  the  heterostatic  principle  applied 
to  Snow  Harris's  attracted  disk  electrometer  gave  the  portable  and  standard 
electrometers  described  above. 

§  43.  A  modification  of  Bohnenberger's  electroscope,  in  which  the  two  knobs 
on  the  two  ndes  of  the  hanging  gold  leaf  became  transformed  into  halves  of  a 
circular  cylinder,  with  its  axis  horizontal  and  the  gold  leaf  hung  on  a  wire 
insulated  in  a  position  coinciding  with  its  axis,  producing  a  species  designed 
for  telegraphic  purposes,  but  which  did 
not  acquire  permanence  by  natural  se- 
lection, and  is  only  known  to  exist  in 
one  fossil  specimen.  In  this  instrument 
the  wire  bearing  the  gold  leaf  was  con- 
nected with  a  charged  licyden  jar,  and 
the  semicylinders  with  the  bodies  whose 
difference  of  potential  was  to  be  tested. 
But  various  modifications  of  the  divi- 
ded-cylinder or  divided- ring  class  with 
the  axis  vertical  and  plane  of  motion 
horizontal  have  done  some  practical 
work,  and  one  species,  the  new  quad- 
rant electrometer  (§  6),  promises  to  be- 
come permanent. 
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§  44.  The  heterostatio  principle  in  one  form  or  other  ia  essential  to  dbtin- 
guish  between  positive  and  negatiTo.  As  remarked  above  (§  42),  the  original 
type  of  this  use  of  it  is  to  be  found  in  the  old  system  of  testing  the  quality 
of  the  charge  taken  by  the  diverging  straws  or  gold  leaves  of  the  electroaoopes 
used  for  the  observation  of  atmospheric  electricity;  which  was  done  by 
bringing  a  piece  of  rubbed  sealing-wax  into  the  neighbourhood,  and  observ- 
ing whether  this  caused  increase  or  diminution  of  the  divergence,  A  doubt 
which  still  exists  as  to  the  sign  *  of  the  atmospheric  electricity  observed  by 
Professor  Piazzi  Smyth  on  the  Peak  of  Teneriffe,  is  owing  to  the  imperfection 
of  this  way  of  applying  the  principle.  It  is,  indeed,  to  be  doubted  in  any  one 
instance  whether  it  is  not  vitreous  electricity  that  the  rubbed  sealing-wax 
acquires.  And,  again  (§  2),  it  is  not  certain  that  the  glass  case  enclosing  the 
gold  leaves,  especially  if  very  clean  and  surrounded  by  a  very  dry  natural 
atmosphere,  screens  them  sufficiently  from  direct  influence  of  the  piece  of 
sealing-wax  to  make  sure  that  the  divergence  due  to  vitreous  electricity  oould 
not  be  increased  by  the  presence  of  the  resinously  electrifled  sealing-wax  if 
held  nearer  the  gold  leaves  than  the  upper  projecting  stem. 

§  45.  The  heterostatio  principle  has  a  very  great  advantage  as  regards 
sensibility  over  any  simple  idiostatic  arrangement,  inasmuch  as,  for  infinitely 
small  differences  of  potential  to  be  measured,  the  force  is  as  the  squarea  <u 
the  differences  in  any  idiostatic  arrangement,  but  is  simply  proportional  to 
the  differences  in  every  heterostatic  arrangement. 


VI.  Determination  of  the  Dynamical  Equivalent  of  Heat  from  the  thermal 
effects  of  Electric  Currents,     By  J.  P.  Joule,  D,C.L,,  F,ll,S.,  i'c. 

Sir  W.  Thomson,  as  long  ago  as  1851,  showed  that  it  was  desirable  to 
make  experiments  such  as  are  the  subject  of  the  present  paper.  They  have 
necessarily  been  delayed  until  a  sufficiently  accurate  method  of  measuring 
resistance  w^as  discovered.  Such  a  method  having  been  described  by  Sir 
William,  and  carried  out  into  practice  by  Professor  C,  Maxwell  and  his  able 
coadjutors,  the  task  assigned  to  me  by  the  Committee  of  Electric  Standards 
was  comparatively  simple. 

My  experiments  were  commenced  nearly  two  years  ago,  and  the  apparent 
ease  with  which  they  could  be  executed  gave  promise  of  their  early  com- 
pletion. It  was,  however,  found  essential  that  carefiil  observations  of  the 
earth's  horizontal  magnetic  intensity  should  be  frequently  made,  and  these 
required  the  construction  of  apparatus  whereby  this  element  could  be  deter- 
mined with  accuracy  and  rapidity. 

The  apparatus  finally  adopted  for  this  purpose  oonsists  of  a  suspended 
horizontal  flat  coil  of  wire  between  two  fixed  similar  coils.  A  current  of 
electricity  can  be  made  to  traverse  all  three,  oommnnication  with  the  sus- 
pended coil  being  made  by  the  suspending  wires  themselves  according  to  Sir 
W.  Thomson's  plan.  The  strength  of  a  current  is  found  by  observing  the 
sum  of  the  forces  of  attraction  and  repulsion  by  which  the  suspended  coil  is 
urged.  The  strength  of  a  current  can  in  this  manner  be  determined  in  ab- 
solute measure.  For  the  area  of  each  of  the  three  equal  coils  being  called 
a,  the  weight  required  to  counterpoise  the  force  with  which  the  suspended  one 
is  urged  w,  the  force  of  gravity  g,  and  the  length  of  wire  in  eaoh  of  the  coils 

I,  the  current  c=^  a  /^l^  (1-|- correction),  the  correction  being  principally 
*  Niohol's  Cyclopiedia,  article  "Electricity,  Atmoppheric,'*  edition  1860. 
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due  to  the  distance  between  the  fixed  coils.  In  my  instrument,  in  which 
this  distance  is  1  inch,  the  diameter  of  the  coils  being  12  inches,  and  their 
iaterior  core  4  inches,  this  correction  was  proved  by  experiment  to  be  '1185. 

There  was,  however,  considerable  difficulty  in  obtaining  an  exact  measure 
of  the  distance  between  the  fixed  coils,  and  I  therefore  judged  that  the  mea- 
sure of  the  currents  used  in  the  experiments  would  be  most  accurately 
obtained  by  means  of  a  tangent  galvanometer,  the  above  described  current- 
meter  being  employed  to  determine  the  horizontal  intensity. 

This  determination  was  effected  as  follows: — Many  careful  observations 
of  the  horizontal  intensity  by  an  improved  method  on  Gauss  and  Weber's 
system  were  made  alternatively  with  observations  of  the  deflections  of  a 
tangent  galvanometer  and  the  weighings  of  the  current-meter  when  the 
same  currents  traversed  both  instruments  in  succession.  Then  calling  the  ho- 
rizontal intensity  H,  the  angle  of  deflection  6,  and  the  weighing  w,  Uiere  was 

obtained  a  constant  csi — ^^^-=' J. 7676.   Hence  with  these  instruments 

^^'17676  Vu; 
tan  d 

The  experiments  for  the  determinations  of  horizontal  intensity  by  the  use 
of  this  formula  could  be  effected  in  a  few  minutes,  and  did  not  require  an 
alteration  in  the  disposition  of  any  part  of  the  apparatus.  It  was  satisfac- 
tory to  find  that,  although  the  presence  of  masses  of  iron  at  only  a  few  yards 
distance  made  the  field  in  which  I  worked  considerably  more  intense  than 
that  due  to  the  latitude,  and  although  I  worked  at  different  times  of  the  day, 
the  highest  intensity,  out  of  upwards  of  seventy  observations  distributed  over 
a  year,  was  3-6853,  and  the  lowest  3*6607,  indicating  a  much  greater  degree 
of  constancy  than  might  have  been  expected. 

The  galvanometer  above  mentioned  was  that  employed  in  the  theimal 
experiments.  It  had  a  single  circle  of  -j^-inch  copper  wire,  the  diameter 
of  which,  being  measured  in  many  places  by  a  standard  rule,  gave  a  radius 
of  '62723  of  a  foot.  The  needle  was  half  an  inch  long,  and  furnished  with 
a  glass  pointer  traversing  a  divided  circle  of  0  inches  diameter.  In  the  experi- 
ments the  deflections  were  not  far  from  26°  34',  the  angle  at  which  the  influ- 
ence of  the  length  of  the  needle  within  certain  limits  is  inappreciable.  It  was 
easy  by  a  magnifier,  arranged  so  as  to  avoid  parallax,  to  read  to  one  minute. 
The  torsion  of  the  fibre  gave  only  3'-5  for  an  entire  twist.  The  trifling  cor- 
rection thus  required  is  applied  to  the  recorded  observations  of  deflection. 

The  calorimeter  first  used  was  a  copper  vessel  upwards  of  a  gallon  in 
capacity,  filled  with  distilled  water.  It  had  a  conical  Hd,  attached  by  screws, 
in  which  were  two  tubulures,  one  for  the  introduction  of  a  copper  stirrer, 
the  other  for  the  thermometer,  around  the  immersed  stem  of  which  a  wire  of 
platinum  silver,  having  a  resistance  nearly  equal  to  that  of  the  Association 
unit,  wiis  coiled. 

The  resistance  of  the  wire  was  found  by  comparing  it  with  the  Association 

unit,  sent  me  by  the  Committee,  using  Ohm's  formula,  a?=-?  (  -f —  ^  ],  where 

Cj,  Cj,  and  C,  are  the  tangents  of  deflection  with  the  battery  and  connexions 
only  with  these  and  tbe  unit  and  with  the  coil  respectively.  This,  though 
by  no  means  so  delicate  a  method  as  that  of  the  Wheatstone  balance  im- 
proved by  Thomson,  was  able  to  give  a  final  result  certainly  accurate  to  the 
two-thousandth  part.  The  results  for  the  resistance  of  the  coil  in  the  first 
series  of  experiments  are  as  follow.  They  were  obtained  before  and  after 
1867.  2  M 
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those  experiments.  A  large  galvanic  cell,  consisting  of  cast  iron  and  amal- 
gamated zinc  plunged  in  dilute  sulphuric  acid,  was  the  source  of  electricity, 
which  was  measured  hy  a  galvanometer  with  a  coil  of  nine  turns,  17  inches 
in*  diameter. 

Bedstanoeof 


C 


a* 


G 


%' 


0,. 


Temperature  Tem 
or  unit.  o: 


perature     -i  •    . 

oi  unit. 


tan  65     6-75  tan  28  18     tan  28    1-3 
tan  59  32-5    tan  32  39-6  tan  32  22 


63-7 
59-24 


62-65 
68-39 


1-01901 
1-01825 


The  average  resistance  1-01863  being  reduced  from  the  temperature  14°-5 
Cent.,  at  which  the  unit  was  adjusted,  to  69°-9  Fahr.,  the  average  tempera- 
ture of  the  calorimeter  in  the  first  series  of  experiments  becomes  1*0191, 
which,  multiplied  by  32808990,  gives  33435640  as  the  resistance  in  British 
absolute  measure. 

A  delicate  thermometer  was  placed  at  a  few  inches  distance  from  the 
calorimeter,  for  the  purpose  of  registering  the  temperature  of  the  air.  In 
the  Tables  its  indications  are  reduced  to  the  scale  of  the  instrument  plunged 
in  the  calorimeter.  A  string  attached  the  handle  of  the  stirrer  to  a  stick,  so 
that  the  water  could  be  effectually  stirred  without  communicating  the  heat 
of  the  hand.     A  wooden  screen  separated  the  observer  from  the  apparatus. 

In  the  experiments  of  the  first  series  a  battery  of  five  large  Darnell's  cells, 
arranged  in  series,  transmitted  the  current  through  the  coil  for  40'  exactly 
determined  by  chronometer.  During  this  time  twenty-eight  observations  of 
deflection  were  obtained,  seven  at  each  end  of  the  pointer  directed  N.E.  and 
8. W.,  and  seven  when  it  was  directed  N.W.  and  S.E.  by  reversing  the  current 
in  the  galvanometer  for  the  latter  half  of  the  time.  The  water  was  stirred 
twenty-eight  times.  Its  temperature  was  taken  at  the  beginning,  middle, 
and  end  of  an  experiment.  There  were  also  fourteen  observations  of  the 
temperature  of  the  air. 

Immediately  after  each  experiment  the  horizontal  intensity  of  magnetic 
force  was  obtained  by  observing  the  deflection  of  the  galvanometer  and  the 
weighing  of  the  current-meter  produced  by  the  same  current. 

Before  and  after  each  experiment,  two  others  were  made  in  precisely  the 
same  manner,  but  excepting  the  current,  in  order  to  discover  the  influence  of 
radiation  and  the  conducting-power  of  the  atmosphere. 

Mrst  Series  of  Thermal  Experiments, 


Date. 

Deflection. 

tan« 
Deflectioii. 

Tempera- 
ture of 
air. 

Tempera- 
ture of. 
water. 

Rise  of 
tempera- 
ture. 

Horisontal 
intensity. 

i866. 

0    / 

Aug.  22  ... 

32  46*86 

•414719 

492-36 

497^4a 

»3'55 

3-6763 

,i      23  •.. 

34    0*9 

•455'33 

494^77 

493'a7 

25-65 

3-6815 

Sept.    8... 

32  2483 

-403156 

400-4 

401*8 

22-8 

II     10 ... 

31  50-22 

•385542 

44111 

433-85 

22*214 

36737 

11     II... 

31   31-02 

•376024 

367-0 

39289 

18*51 

3-6758 

,1     12 ... 

31   14-42 

.367944 

344*33 

344*45 

21*9 

3-6656 

II     13  ••• 

30  57-51 

•359850 

36154 

358*47 

20-95 

3*6671 

If     15  ••• 

30  2486 

.344607 

3467 

330*01 

21-98 

36638 

II     15  ••. 

30  20-51 

-342610 

381-41 

367*56 

21-07 

3-6711 

1,        IS  ... 

30  34-34 

•348982 

34264 

324-32 

22-29 

3-6607 

Average... 

•379857 

397-226 

394-406 

22-0914 

3-67073 
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First  Series  of  Radiation  Erperiments. 


Date. 

Temperature 
of  air. 

Temperature 
of  water. 

Rise  of  tem- 
perature of 
water. 

x866. 
Aiur.  22 

495*93 
502-22 

476-37 
490-81 

393*5 
39582 

444-31 

437*15 
373-07 

367-14 

334*o 

36534 
352-82 
366-65 
33078 
381-47 

378-93 
38105 

326-99 
339*9 

469-14 

477-83 
458-96 
499-22 

38275 

414*15 
419-4 

396*96 

384*7* 
39176 

332-42 

360-2 

343-11 

369-16 

3I5-4I 

347-14 
350-67 

3  79*5 « 
309-28 

338-35 

288 

3-08 
-o*55 

2-0 
-1-7 

2-9 

—0-63 

-»75 

o*44 
1-6 

183 

—  o-o8 
a-78 
37a 
3*34 

0'22 

**55 
0-04 

AUff.  21  

**'^*  "j  

Sept.  8    

»t        

Sept.  10 

Sept.  II 

Sept.  12 

Sept.  11 

*'*'X^''*   "  J 

II              •.•■..... 

Sent.  i< 

^r""  *3 

»»           

M                ••• 

Sept  i8 

»>        

Ayerage 

373-058 

364-686 

I  3806 

In  applying  the  preceding  Table  for  the  purpose  of  correcting  the  results 
of  the  therm^  experiments,  it  must  be  first  observed  that  the  external  influ- 
ences on  the  calorimeter  are  not  zero  when  the  temperature  of  the  air-ther- 
mometer coincides  with  the  indication  of  that  immersed  iu  the  calorimeter. 
This  might  arise  partly  from  the  locality  of  the  two  instruments  not  being 
the  same,  but  was,  I  found,  principally  owing  to  the  different  radiating  and 
absorbing  powers  of  the  air-thermometer  bulb  and  of  the  surface  of  the 
calorimeter.  Taking,  then,  the  number  of  instances  in  which  the  tempera- 
ture of  the  air  appeared  to  exceed  that  of  the  water,  there  are  fifteen  with  a 
total  excess  of  259-63,  and  a  resulting  gain  of  temperature  of  35-36.  Also 
those  in  which  the  air  appeared  to  bo  colder  than  the  water  were  five,  giving 

a  total  deficiency  of  65-5  with  a  loss  of  temperature  4-71.     Hence 


259-63 -f  15a? 
35-36 


4-71 
,  whence  a?  =s  4*418,  which  must  be  added  to  the  indications 


of  the  thermometer  registering  the  temperature  of  the  air.  After  this  cor- 
rection has  been  made,  it  will  be  found  that  the  effect  of  a  difference  of  tem- 
perature between  the  air  and  water,  of  9-216,  is  unity. 

4-418  added  to  397*226  gives  401*644  for  the  corrected  temperature  of 
the  air  in  the  thermal  experiments,  and  this  being  7*238  in  excess  of  the 
temperature  of  the  calorimeter,  the  corrected  thermal  effect  will  be  22-0914— 

7-238 

— — -  =  21-306,  which,  after  applying  the  needful  correction  for  the  immersed 

v'^J-t) 

portion  of  the  thermometer  stem,  becomes  ultimately  21*326. 

The  thermal  capacity  of  the  calorimeter  was  made  up  of  95525  grains  of 
distilled  water,  26220  grains  of  copper,  equivalent  to  2501  grains  of  water^ 

2x2 


516 


REPORT 1867. 


and  the  thermometer  and  coil  equivalent  to  80  grains,  giving  a  total  capacity 
equal  to  98106  grains  of  water.  12*951  divisions  of  the  thermometer  are 
equivalent  to  one  degree  Fahr. 

The  dynamical  equivalent  is  the  quotient  of  the  work  done,  by  the 
thermal  effect,  or 


(£=}'^''' 


em 


{ '^^  X  3-67073y  X  -379857  x  33435640  x  2400 


21-326 
12-951 


=25335. 


x  98106 


It  appeared  to  be  desirable  to  diminish  the  atmospheric  influence;  1 
therefore  commenced  a  second  series,  in  which  the  calorimeter  was  covered 
with  two  folds  of  cotton  wadding.  The  bulb  of  the  air-registering  thermo- 
meter was  also  placed  in  a  small  bag  made  of  the  same  material.  In  this 
fresh  series  each  experiment  occupied  one  hour,  as  I  had  learned  by  experi- 
ence that  with  my  battery  arrangement  the  current  would  be  siifSciently 
uniform.  In  fact  the  highest  reading  in  an  experiment  was  not  more  than 
•J^  higher  than  the  lowest.  There  were,  evenly  distributed  through  the 
hour,  forty  observations  of  deflection,  twenty  of  the  air,  and  three  of  the 
water-thermometer ;  and  the  water  was  stirred  forty  times.  Two  minutes 
were  allowed  for  the  complete  equalization  of  temperature  previous  to  the 
flnal  thermometer  reading.  The  experiments  on  radiation  were  also  similarly 
extended. 

The  coil  was  the  same  as  that  used  in  the  flrst  series.  It  had  a  coat  of 
shellac  vanish.  Five  determinations  of  its  resistance  were  made,  using  a 
single  Daniell's  cell  with  various  resistances  included  in  the  circuit.  The 
galvanometer  had  a  coil  17  inches  in  diameter  consisting  of  nine  turns.  The 
results  are  as  follow : — 


Tempera- 

Tempera- 

Besutance of 

c.. 

c, 

r 

c, 

I* 

ture  of 
unit. 

ture  of 
coil. 

coil  in  terms 
of  unit. 

O        1 

0 

1 

0 

t 

0 

<L  ^ 

tan  79  395 

tan  52 

33-3 

tan  52 

9*3 

59'^S 

58-6 

1*0192 

tan  71   395 

tan  47 

17*06 

tan  46 

55-6 

48-6 

485 

I  01 98 

tan  70  16 

tan  46 

18-11 

tan  45 

57-4 

54-68 

57*4 

1*0194 

tan  71  54-33 

tan  47 

766 

tan  46 

4593 

1-0198 

tan  62  6 

tan  41 

30-43 

tan  41 

13-46 

1-0187 

ATorage 

1-0T938 

The  average  temperature  of  the  calorimeter  in  the  experiments  being 
13°'55  Cent.,  and  that  at  which  the  unit  was  adjusted  14°*5,  the  resistance 
during  the  experiments  must  have  been  1*01906,  which  is  equal  to  33434330 
in  British  measure. 
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Second  Series  of  Thermal  Experiments, 


517 


Date. 

Deflecfcion. 

tan*. 
Deflection. 

Tempera- 
ture of 
air. 

Tempera- 
ture of 
water. 

Biaeof 
tempera- 
ture. 

Horizontal 
intensity. 

1866. 

Sept  21  ... 
II  **  ••• 
II  *5  ••• 
II  *6  ... 
,1    27  ••• 

Oct  5  ... 
11  6  ... 
11       8  ... 

i>     '9  ••• 
II     *o  ... 

II     **  ■•• 

II     *3  ••• 

II    *5  •■• 
1)     26  ... 

1,     *7  ••• 

29  51*68 

28  58*4 

29  14*63 
29  51-46 

28  54-78 

29  505 

28  22*54 
28     8*74 
28  42*81 
27  40*13 

26  40*5 

27  28*1 
27     963 

27  4*56 

28  7*84 

'329623 

'306585 

31347* 

•3*95*5 
'305064 

•309393 

•29 1 76 1 

•286198 

•300074 

•274910 

'252409 

'270252 

•263230 

•*75855 
•285838 

397*4 
362*51 

345*19 
370*84 

365*91 

380*66 

426*55 

338-49 
39856 

395'i8 

37' '7* 
320*07 
275-65 

*4975 
245*96 

363*4*    . 
348'o6 

306-94 

350-64 

36171 

387*57 

39**77 

335'54 

33*35 
361*90 

38863 

318*09 

286*25 

*57-54 
247*27 

30*38 
2695 

*975 

»9*9* 
2588 

24-90 

27*40 

24*04 

31*08 

26-08 

19*12 

22*55 

20*98 
22*15 

*3-57 

3*6668 

3*6707 

3*67*4 
3*6644 
3-6665 
3*6612 
3*6688 

3*6595 
3-6659 

36654 

3*6702 

3-6638 

3*6620 

3*6623 

3 '6641 

Ayerage  ... 

•292946 

349*63 

335*912 

*5-65 

36656 

Second  Series  of  Radiation  Experiments. 


Date. 


Temperature 
of  air. 


1866. 
Sept  21  ... 


Sept  22 

II 
Sept  25 

II 
Sept  26 

II 
Sept  27 

II 
Oct. 


I) 


Oct. 


Oct     8 

It 
Oct.   19 


20 


22 


II 
Oct 

It 
Oct 

It 
Oct  23 

II 
Oct.  25 

Oct.*  26 

II 
Oct  27 


»i 


Ayerage 


378-84 
390*13 
326-32 
360*71 
330*67 
347*56 
35**'5 
377*56 

355*81 
388'o 

3769 
385*8 

402*94 

433**8 

319*5 
356*02 

365*08 

398-49 

357*9 

395*66 

37i**4 
362*7 

297*96 

334*07 

261*67 

*77*59 

*33*3« 
264*37 

237-05 

251*15 

343*o" 


Temperature 
of  water. 


344*95 
381-34 
334*37 
361-13 
287*94 
3*6-13 
333*12 
368-12 

347*9 
375-69 

375*04 
396*95 

376-47 
411*33 

323*51 

347*79 

30394 

356*9 
344-01 

377-40 

380*45 
392-44 

3050 

329*05 

277*01 

294*31 

247*61 

265*97 

234-85 

257*24 

335-*45 


Rise  of  tem- 
perature of 
water. 


3*0 

0-32 
-0*43 
—0*41 

4*05 

«-59 
2-12 

0-70 

074 
1*31 
o* 
-ri5 
213 

1*5* 
—0*29 

o*33 

5*95 
3*57 
i'6i 

1*43 
-©•95 

-3*18 

—0*50 

o*5 
-1*26 
-1*86 
—  1*40 
— o*66 

o-i 
—0*65 

0-6083 
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The  correction  to  be  applied  to  the  thermometer  immersed  in  air  as  de- 

,       ,  „       ^,      ,        m  VI    •     •       V    123-66—120?    356-65-fl8x    , 
duced  from  the  above  Table  is  given  by ,        — = ofTHo — >  whence 

^=  —1*1835.  It  appears  also  that  a  difference  beween  the  temperatures  of 
the  calorimeter  and  air-registering  thermometer  so  corrected,  equal  to  10*822, 
gives  the  unit  effect  on  the  former. 

Hence  the  corrected  indication  of  the  air- thermometer  in  the  second  series 
of  thermal  experiments  wiU  be  349-63- 1-1835=348-4465.  This  being 
12*5345  in  excess  of  the  temperature  of  the  calorimeter,  the  corrected 

thermal  effect  will  be  25*65  ^  \^'^^^ = 24*4917,  which,  after  a  small  further 

10-822 

correction  for  the  immersed  stem,  becomes  24*512. 

The  thermal  capacity  in  this  second  series  was  made  up  of  95561  grains 
distilled  water,  copper  as  water  2501,  thermometer  and  coil  as  water  80, 
and  cotton- wool  as  water  200  grs.,  giving  a  total  of  98342  grains. 

The  equivalent,  as  deduced  from  the  second  series,  is  therefore 

i  '^11^^  X  3-6656  [ '  X  -292946  x  33434330  x  3600 

^1^^ '_ =26366. 

.»;   .  X98342 
12*951 

The  equivalents  obtained  in  the  two  foregoing  series  of  experiments  are 
as  much  as  one-fiftieth  in  excess  of  the  equivalent  I  obtained  in  1849  by 
agitating  water.  1  therefore  instituted  a  strict  inquiry  with  a  view  to 
discover  any  causes  of  error,  so  that  they  might  be  avoided  in  a  fresh  series. 
The  most  probable  source  of  error  seemed  to  be  insufficient  stirring  of  the 
water  of  the  calorimeter.  Although  agitated  so  frequently  as  forty  times  in 
the  hour,  there  could  be  no  doubt  that,  during  any  intervals  of  comparative 
rest,  a  current  of  heated  water  would  ascend  from  the  coil,  and  that  if  a  thin 
stratum  of  it  remained  any  time  at  the  top,  some  loss  of  heat  would  result. 
I  resolved  therefore  to  use  a  fresh  calorimeter,  and  to  introduce  into  it  a 
stirrer  which  could  be  kept  in  constant  motion  by  clockwork. 

Another  source  of  error  which,  though  it  would  be  finally  eliminated  by 
frequent  repetition  of  the  experiments,  it  seemed  to  be  desirable  to  avoid, 
was  the  hygrometric  quality  of  the  cotton-wool  which  enveloped  the  calori- 
meter in  the  second  series  of  experiments.  1  therefore  sought  for  a  material 
which  did  not  present  that  inconvenience.  The  plan  finally  adopted  was  to 
cover  the  calorimeter  first  with  tinfoil,  to  place  over  that  two  layers  of  silk 
net  (tulle),  and  to  finish  with  a  second  envelope  of  tinfoil. 

A  third  source  of  possible  error  was  the  circumstance  that  the  eilver- 
platinum  alloy,  when  made  positively  electrical  in  distilled  water,  is  slowly 
acted  upon,  an  oxide  of  silver  as  a  bluish- white  cloud  arising  from  the  metal, 
while  hydrogen  escapes  from  the  negative  electrode.  On  this  account  the 
coil  in  the  experiments  of  the  last  series,  as  well  as  the  subsequent,  was  well 
vamished.  But  it  was  found  at  the  conclusion  of  the  experiments  that  the 
varnish  had  in  a  great  measure  lost  its  protecting  power.  This  circumstance 
gave  me  considerable  anxiety :  I  was,  however,  ultimately  able,  by  the  fol- 
lowing facts  arrived  at  after  the  thermal  experiments  were  completed,  to 
satisfy  myself  that  no  perceptible  influence  had  been  produced  by  it  on  the 
results : — 

1st.  The  resistance  of  the  coils,  after  long-continued  use  had  deteriorated 
the  varnish,  was  not  sensibly  less  than  it  was  after  they  had  been  fr-eshly 
varnished. 


ON  STANDARDS  OF  ELECTRICAL  RESISTANCE. 


619 


2nd.  The  coil  of  the  3rd  series  was,  in  the  unprotected  state,  immersed 
in  distilled  water,  and  compared  with  many  hundred  yards  of  thick  copper  wire, 
unimmersed,  having  nearly  equal  resistance/  The  result  showed  that  the 
resistance  to  the  current  was  sensibly  the  same  whether  a  single  cell  or  five 
ceUs  of  Daniell  in  a  series  were  used.  Now,  had  any  considerable  leakage 
by  electrolytic  action  taken  place,  it  would  have  been  very  much  less  in  pro- 
portion in  the  former  than  in  the  latter  instance. 

3rd.  When  the  coils  of  the  second  and  third  series,  in  the  unprotected  state, 
were  placed  in  distilled  water,  and  made  the  electrodes  of  a  battery  of  five 
cells,  the  deflection  was  40'  of  a  degree  on  a  galvanometer  with  a  coil  of 
17  inches  diameter  composed  of  18  turns  of  wire.  This  deflection  indicates 
a  current  of  about  j^  of  the  average  current  in  the  thermal  experiments. 
In  this  case  the  chemical  action  was  distinctly  visible,  but  quite  ceased  to  be 
so  when  the  electrodes  were  connected  by  a  wire  of  unit  resistance,  so  as  to 
reduce  the  potential  to  that  in  the  thermal  experiments. 

4th.  The  coil  of  No.  2  series  being  used  as  a  standard,  that  of  No.  3 
series,  in  the  unprotected  condition,  was  immersed,  flrst  in  water,  then  in 
oil.  The  resistance  to  the  current  of  five  Daniell's  ceUs  was  found  to  be 
sensibly  equal  in  the  two  cases. 

Hence  there  could  be  no  doubt  that  the  loss  of  heat  during  the  experi- 
ments by  electrolytic  action  could  not  possibly  in  any  instance  have  been  so 
great  as  one-thousandth  of  the  entire  effect,  and  was  probably  not  one 
quarter  of  that  small  quantity ;  whilst  in  the  larger  number  of  experiments, 
when  the  varnish  was  fresh,  it  must  have  been  nil. 

The  coil  used  in  the  third  scries  of  experiments  was  made  by  bending 
four  yards  of  platinum-silver  wire  double,  and  then  coiling  it  into  a  spiral 
which  was  supported  and  kept  in  shape  by  being  tied  with  silk  thread  to  a 
thin  glass  tube.  The  terminals  were  thick  copper  wires,  and  the  whole  was 
coated  with  shellac  and  mastic  varnish.  The  following  results  were  ob- 
tained for  its  resistance.  In  the  flrst  three  trials  the  current  was  measured 
by  a  galvanometer  with  a  circle  of  nine  turns  17  inches  diameter,  and  in  the 
last  six  with  an  instrument  with  eighteen  turns  of  wire.  In  the  first  six 
there  was  an  extra  unit  of  resistance  included  in  the  circuit : — 


Battery. 


One  cell,  Daniell  . . 

Ditto 

Ditto  

Daniell's  cell.    Po«i- 
tive  metal  iron    ... 

Ditto  

Ditto 

Ditto  

Ditto  

Ditto  


Unit. 


Mine  ... 

»»      ••  • 
Jenkin's 


c.. 


Average 


tan  51 
tau  52 
tan  5a 


53 
3'62 


» 

tan  50  25*8 

Mine  ... 

tan  49  48-12 

II 

tan  48  17*62 

II 

tan  75  28 

Jenkin'a 

tan  75  17*25 

Mine  ... 

tan  75  596 

c.. 


tan  37  3*15 
tan  36  29*02 
tan  36     6*45 

tan  35  21*88 

tan  34  57*36 
tan  34     5*48 

tan  49  58*6 

ta»  49  44'93 
tan  49  18  97 


o,. 


O        / 

tan  37  10*6 
tan  36  37*27 
tan  36  14*79 

tan  35  29*27 
tan  35  5*62 
tan  34  12*24 
tan  50  11*98 
tan  49  57*51 
tan  49  33-08 


Temp. 

of 

unit. 


o 

63*27 

59*03 
60*88 

5978 

60*03 
60*50 
61*27 
61-96 

6935 


Temp. 

of 

ooil. 


62*78 
60*07 
6o*57 

60*46 
60*30 
60-88 
61*08 
61*27 
70*28 


Beeistanoe 

in  terms  of 

my  unit 


•98963 
•98823 
•98752 

•98818 

•98754 
98816 

98863 

•98871 

•98820 


'98831 


The  above  average  resistance,  reduced  to  18°*63  C,  the  mean  temperature 
in  the  third  series,  is  *98953  of  the  Association  unit,  or  in  British  measure 
32465480. 

In  the  third  series,  the  experiments  for  the  heat  of  the  current,  of  radia- 
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tion,  and  for  horizontal  magnetic  intensity  were  alternated  in  such  a  manner 
that  each  class  occupied  the  same  portions  of  the  day  that  the  others  did.  I 
sought  in  this  way  to  avoid  the  eiSects  of  any  horary  change  in  the  humidity 
&c.  of  the  atmosphere,  or  in  the  magnetic  force.  Of  the  thirty  experiments 
comprising  each  class,  six  were  performed  at  ahout  each  of  the  several  hours, 
11  A.M.,  12|  p,H«,  H  P.M.,  4  P.M.,  and  5j  p.m. 

The  calorimeter,  protected  as  already  descrihed,  was  supported  on  the 
edges  of  a  Hght  wooden  frame.  It  was  carefully  guarded  against  draughts 
by  screens  coated  with  tinfoil  placed  at  a  foot  distance.  The  stirrer  con- 
sisted of  a  vertical  copper  rod,  to  which  vanes,  on  the  plan  of  a  screw- 
propeller,  were  soldered  at  four  equidistant  places.  The  rod  extended 
2  inches  above  the  calorimeter,  and  was  there  affixed  to  a  light  wooden  shaft 
2  feet  long,  attached  at  the  upper  end  to  the  last  spindle  of  a  train  of  clock- 
wheels.  The  weight  was  35  lbs.,  which,  falling  about  2  feet  per  hour,  pro- 
duced a  continuous  revolution  of  the  stirrer  at  a  rate  of  about  200  in  the 
minute.  The  action  of  the  stirrer  left  nothing  to  be  desired.  It  was  started 
five  minutes  before  an  experiment  commenced,  and  kept  going  until  the  last 
observation  of  the  thermometer  had  been  made. 

The  experiments,  as  in  the  second  series,  lasted  one  hour,  during  which 
were  made  eight  observations  of  the  thermometer  immersed  in  the  calori- 
meter, twenty  of  the  temperature  of  the  air,  and  forty  of  the  deflection  of  the 
galvanometer. 

JTdrd  Series  of  Thermal  Experiments. 


Date. 

Deflec- 
tion. 

tan». 
Deflection. 

Tempera- 
ture of 
air. 

Tempera- 
ture of 
water. 

Rise  of 
tempera- 
ture. 

Faliof 
weight. 

1867. 

0    / 

in. 

June  28,  12.54  P.M. 

28  18*25 

•290024 

488660 

494-17 

*5''« 

30 

II    *8,    5.36 

30  S^'37 

•359310 

534-«55 

524-214 

32*08 

26 

„    29,    1.30 

a8  55'45 

•305345 

509*172 

490-13 

27^82 

27 

July     I,  10.30  A.M. 

29  411 

•324949 

428-81 

425-67 

28-52 

27 

„       I,    4.24  P.M. 

30  19-4 

.342107 

508-78 

467-214 

3305 

26 

II       ».  1*45 

30    IO'I2 

•337891 

405"343 

450*73 

2513 

26 

n       a.    6.0 

30    30-98 

•347424 

401*822 

458-104 

24-99 

28 

„      4,    1.20 

31    23-4 

•372299 

516*992 

452-97 

57-98 

27 

„      20,  ZI.II  A.M. 

302172 

•343  >  70 

385-622 

394-0 

28-98 

28 

„     20,    3-45  P-M- 

3M7-55 

•379241 

454-19 

43097 

34-92 

28 

„     22.  12.36 

32     0-6 

■390765 

48244 

460*621 

3548 

30-5 

II     ",    5a' 

32  2r47 

•402470 

493087 

498*573 

34*47 

28-4 

II     *3.    1-7 

31   18-43 

*369£«>i 

465238 

473-167 

31-27 

287 

,,      24,  II.O    A.M. 

31     475 

•363299 

430688 

448043 

30*24 

27*9 

„      24,     4,5     P.M. 

30  49' 15 

•355900 

439007 

470-954 

28-14 

28-2 

„      25,12.15 

3a  395 

-410832 

465354 

432-45 

38-48 

29-4 

1.   as.  4.55 

„      26,  12.58 

33   10 

•427129 

521569 

486^049 

3972 

28*4 

32  3395 

■407920 

445009 

464*267 

33*6i 

30 

„      27,  1 1. 1 3  A.M. 

33     1-6 

•422590 

391-0 

419-21 

3446 

30 

„      27,     4. 14  P.M. 

32  58-22 

•420777 

41811 

446-623 

34-09 

29*4 

Aug.    2,  X2.31 

31  5298 

•386923 

385-876 

390-911 

33*1 

30 

II       2»     5»8 

3'  5377 

•387325 

407-781 

422843 

3225 

28 

,1      3.  >*-56 

31  3718 

•379056 

45366 

421-948 

35*37 

2975 

„      6,  11.18A.M. 

26  3435 

•250162 

439-906 

435699 

22*32 

297 

„       6,    3.55  P.M. 

28  42-8 

-30C070 

457-'45 

462056 

25-67 

29*6 

II       8i  ia.17 

29  29-25 

•3»9773 

465586 

443-204 

29-6 

297 

II       8,    5.45 

29  3925 

•324137 

499874 

480*564 

2967 

28 

1.       9»    1*7 

29  33-2 

•321491 

478-658 

469^296 

288 

26*4 

„      10,   11.9     A.M. 

29  12*65 

•312625 

468-344 

455304 

2821 

27*4 

II       10,      356  P.M. 

28  14-47 

-288500 

519*082 

493136 

27*28 

28-4 

Averaire    

•3517795 

458*699 

455-436 

31*02666 

28362 

MM  *    wa  w^^*^               ■■••••■•••»■ 
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Third  Serisi  of  JRadiation  Experiments. 


Bate. 

Temperature 
of  air. 

Temperature 
of  water. 

Hiseof 
temperature. 

Fall  of  weight. 

1867. 

June  28,  10.38  A.M. 

460*527 

481*990 

—  1-48 

31 

„      28,     3.53  P.M. 

513687 

506*770 

0-75 

28-2 

»    29,11.55  A.M. 

493*088 

473*910 
508*480 

1-82 

28 

1)     29,    4.40  P.M. 

526-185 

1*88 

28*5 

Jolj    1,    123 

469-368 

I       44a-"4 

2*46 

27*5 

1,        2,  10.58  A.M. 

404-842 

1       439790 

-2-82 

17 

„         2,     4*5     P.M. 

401779 

1       450-930 

-4-1 

28*5 

»      4,  11.46A.M. 

492*210 

4*7-5*7 

5-97 

28 

„     4,  4.42  P.M. 

541-007 

484*927 

5-1 

26*5 

„      20,     I.O 

416*237 

409-044 

1*03 

28-75 

„      22,  1 1.5    A.M. 

474-393 

439140 

Vt 

30 

„      22,     3.50  P.M. 

486*267 

480*106 

a8*75 

,»      23,  11. 41  A.M. 

451*029 

456-947 
4861 13 

— o*i 

28-4 

>•      23,     4.49  P.M. 

475-319 

-0*65 

28*5 

»»     »4,  ia-54 

441*677 

460*780 

—  1*48 

26-5 

„      25,  10.40  A.M. 

435*863 

410*237 

2*43 

28 

»»     »5»    3-»7  '.M. 

515-653 

460*939 

5*03 

28-8 

„    26,  II.29A.M. 

441*256 

4*75*6 

—  0*2 

»8*5 

„    26,  4.49  P.M. 

435-776 

471-503 

-30 

*9- 

».     »7»    1-7 

404*58 

433*444 

-r28 

29*8 

Aug.    2,  10.55  A.M. 

369*966 

374-18 

-0*15 

a975 

»»      a,    3-50  P->«- 

407-34 

406*42 

0*17 

27*8 

„         3,  IT. 30  A.M. 

435*813 

401-187 

3-*4 

28*6 

»»       3.    4-33'.>«. 

476*691 

446393 

2-9 

27 

M      6,    1. 15 

457-87 

447843 

1*05 

28*9 

1,         8,  10.46  A.M. 

4*2-403 

426304 

1*68 

29 

„        8,    4.17  P.M. 

489*901 

463*143 

2*42 

29-7 

M         9,  II. 51  A.M. 

466*428 

453-149 

1*27 

26*5 

„      9,    5-37  P.M. 

490*308 

484753 

0*66 

27*9 

M          10,        1.20 

502*96          1 

472*469 

282 

286 

Areraffe    

4606808 

4516356 

1-018 

28*498 

^      ^^^3                •••  •••■■•va« 

The  correction  to  be  applied  to  the  air-registering  thermometer,  as  deduced 
from  the  radiation  experiments  of  this  third  series,  is  found  from  — ^       ^ — ? 

szs J" '  whence  x^  the  quantity  to  be  added  to  the  observed  tempera- 
ture of  the  air  in  the  thermal  experiments,  =2*81.  The  temperature  of  the 
air  was  therefore  virtually  6-073  higher  than  that  of  the  water.  The  results 
also  show  that  the  unit  of  eflfect  on  the  calorimeter  was  produced  by  a  differ- 
ence of  temperature  of  11-645. 

Hence  31-0266— ,5^^=30*5051 ;  and  adding  -077  for  the  unimmersed 

ll'64o 

part  of  the  thermometer  stem,  the  corrected  thermal  effect  in  the  third  series 

is  found  to  be  30*5821. 

The  average  capacity  of  the  calorimeter  was  equal  to  that  of  93859  grs. 
of  water,  being  made  up  of  91531  grs.  distilled  water,  22364  grs.  of  copper, 
486  grs.  of  tin  (the  weight  of  the  coating  next  the  calorimeter),  h2  grs.  silk 
net  (half  that  employed),  the  thermometer,  coil,  and  corks. 
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Determmattoiis  of  Horizontal  Magnetic  Intensity » 


G^alvanometer 

Weighing  by 

jf_ -17676  ^w 

Date. 

deflection, 

current-meter, 

7 

0. 

» 

tane 

1867. 

0      / 

grs. 

June  18,    1.30  P.M. 

37  ai*4a 

253-04 

3-68334 

,y     29,  10.50  A.M. 

26  43 '06 

109-28 

3-67114 

»»     a9»    3-50  P-M- 

25  12*56 

96*04 

3-67964 

July    I,  12.25 

38  »3-56 

272-35 

3*68144 

„      I,    5.20 

38  59**5 

284-95 

368634 

„      2,    1.40 

38  49*94 

280-9 

3-68034 

„         4,  10.45  A.M. 

26  24-55 

106-25 

3*66894 

M      4.    345  P-M. 
,t    20,  12  Noon. 

26  10-55 

104-99 

3-68474 

39  18-9 

289875 

3*67484 

„      20,     4.40  P.M. 

41   "35 

332-825 

3*68504 

„      22,     1.30 

41  21-4 

335-13 

3-67594 

„      23,  10.45  A.M. 

32     5-1 

169-616 

3-67194 

»»     »3»    3-45  P-M- 

31  56-15 

168-608 

3*68224 

„    24,11.51A.M. 

39  5a-95 

301-591 

3-67364 

„      24,     5-0     P.M. 

40  249 

315-09* 

3-68474 

>,    ^5,    1. 10 

41  27-95 

338-391 

3-67964 

,,      26,  10.30  A.M. 

34  40-45 

206658 

3-673*4 

„      26,     3.33  P.M. 

33    a5'5 

188-675 

3-67864 

„    27, 12  Noon. 

43  19*55 

386-0 

368194 

„      27,     5'I2P.M. 

42   48-53 

372-658 

3-68414 

Aug.    2,    1.30 

41   15-35 

331-733 

3-67584 

,»         3,  10.25  A.M. 

34  13-9 

198-99 

3*66464 

If      3.    3-33  P.M. 

33  4o"3 

191-983 

367628 

„       6,  12.12 

35     98 

214*117 

3*67156 

„      6,    4.50 

37     8-x 

248258 

3-67784 

>»      8>    XI I 

37  44-55 

259-867 

3-68110 

„      9,10.53  A.M. 

31  23-65 

160-708 

3-67186 

„      9,    4.42  P.M. 

30  43-4 

15275 

3-67590 

1,     10,  12.12 

36  254 

235433 

3-67557 

„     10,    4.50 

34  495 

209*608 

367864 

Ayeraee    

3-67771 

^^^^           •■•■•••■■••• 

The  equivalent  deduced  from  the  third  series  is  therefore 
111^  X  3*6777  J "  X  -35478  x  32465480  x  3600 


30-5821 
T2^5r  ""  ^^^^^ 


=26217. 


The  equivalents  above  arrived  at  are : — 

From  Series  1.  Average  of  10,  26335. 
From  Scries  2.  Average  of  15,  25366. 
From  Scries  3.  Average  of  30,  25217. 

The  extra  precautions  taken  in  the  last  Series  entitle  the  laat  figure  to 
be  taken  as  the  result  of  the  inquiry.  Reduced  to  weighings  in  vacuo  it 
becomes  25187. 
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MATHEMATICS  AND  PHtSICS. 

Address  by  tJu  President,  Sir  "W.  Thomson,  LL.D.,  F.E,S, 

Thb  progress  of  mathematical  and  physical  science  during  the  past  year  will  be 
better  represented  by  the  valuable  reports  to  be  laid  before  this  Section,  and  the 
lines  of  tnought  which  have  originated  since  the  British  Association  last  met  will 
be  better  illustrated  by  the  papers  and  discussions  which  will  constitute  our  or- 
dinary daily  work,  than  by  any  statement  which  I  could  have  prepared.    It  was 
therefore  my  intention  not  to  detain  you  from  the  interesting  subjects  and  abundant 
matter  for  discussion  which  will  so  fully  occupy  our  time  during  the  Meeting,  by 
an  introductory  address.    But  I  must  ask  you  to  bear  with  me  if  I  modify  some- 
what this  resolution  in  consequence  of  a  recent  event  which,  I  am  sur^  must  touch 
very  nearly  the  hearts  of  all  present,  and  of  very  many  in  all  parts  of  the  world,  to 
whom  the  name  of  Faraday  has  become  a  household  word  for  all  that  is  admirable 
in  scientific  genius.   Haying  had  so  short  a  time  for  preparation.  I  shall  not  attempt 
at  present  any  account  of  Faraday's  discoveries  and  pbilosopny.    But,  indeed,  it 
is  very  unnecessary  that  I  should  speak  of  what  he  has  done  for  science.    All  tJiat 
lives  lor  us  still,  and  parts  of  it  we  shall  meet  at  every  turn  through  our  work  in 
this  Section.    I  wish  I  could  put  into  words  something  of  the  image  which  the 
name  of  Faraday  always  sujOfgests  to  my  mind.    Kindlmess  and  unselfishness  of 
disposition ;  clearness  and  sm^leness  of  purpose ;   brevity,  simplicity,  and  direct- 
ness ;  sympathy  with  his  audience  or  his  mend ;  perfect  natural  tact  and  good 
taste ;  thorough  cultivation : — all  these  he  had,  each  to  a  rare  degree ;  and  their 
influence  per\'aded  his  language  and  manner,  whether  in  conversation  or  lecture. 
But  all  these  combined,  made  only  a  part  of  Faraday's  charm.     He  had  an  inde- 
scribable quality  of  quickness  and  life.     Something  of  the  light  of  his  genius  in'a- 
diated  his  presence  with  a  certain  bright  intelligence,  and  gave  a  singular  charm 
to  his  manner,  which  was  surely  felt  by  every  one,  from  the  deepest  philosopher 
to  the  simplest  child,  who  ever  had  the  privilege  of  seeing  him  in  his  nome — the 
Koyal  Institution.  That  light  is  now  gone  from  us.  While  thankful  for  having  seen 
and  felt  it,  we  cannot  but  mourn  our  loss,  and  feel  that  whatever  good  things, 
whatever  brightness  may  be  yet  in  store  for  us,  that  light  we  can  never  see  again. 

On  the  alleged  Correspondence  between  Pascal  and  Newton, 
By  Sir  David  Brbwsteb,  K,H,,  LL,D.,  F,It»S,y  ^c. 

Sir  David  Brewster  said  that  he  had  received  from  M.  Chasles  several  of  Newton's 
letters  or  notes,  which  he  supposes  to  be  genuine.  He  would  only  read  one  or  two 
observations  tending  to  show  that  this  was  a  gigantic  fraud — the  greatest,  he  be- 
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lieved,  ever  attempted  as  connected  with  science  or  literature.  Sir  David  then  read 
the  following  notes : — 1.  The  correspondence  was  founded  on  the  assumption  that 
Newton  was  a  precocious  genius,  having  written  on  the  Infinitesimal  Calculus  &c. 
at  the  age  of  eleven,  whereas  he  was  then  at  school  and  knew  nothing  of  mathe- 
matics, occupying  himself  only  with  waterwheels,  windmills,  waterclocKs,  and  other 
boyish  amusements.  2.  There  is  no  evidence  that  Pascal  and  Newton  had  any 
correspondence.  Having  examined  the  whole  of  Newton's  papers  in  the  possession 
of  the  Earl  of  Portsmouth,  I  never  found  any  letter  or  paper  in  which  Pascal  is 
mentioned.  3.  The  letters  from  Miss  Hannah  Ai/scoiigh,  Newton's  mother,  hear 
this  signature,  although  at  the  time  they  were  written  she  was  a  married  woman 
and  should  ha^e  signed  Hannah  Smith.  4.  The  letters  of  Pascal  have  been  found 
by  M.  Faugere  to  be  in  another  hand,  and  the  sij^atur©  not  that  of  Pascal.  6.  The 
letters  and  signatures  of  Newton  are  not  in  his  hand.  6.  An  experiment  with 
coffee  is  mentioned  in  one  of  the  letters  of  Pascal,  whereas  cofiee  was  at  that  time 
unknown  in  France.  7.  All  Newton*s  letters  are  in  French,  a  language  in  which  he 
never  wrote.  His  letters  to  the  celebrated  French  mathematician,  Varignon,  are  in 
Latin,  and  Newton  himself  has  stated  that  he  could  not  read  French  -without  a 
dictionary.  8.  The  style  and  sentiments  in  Newton's  letters  are  such  as  he  never 
could  have  used.  Ho  expresses  eternal  gratitude  to  Pascal,  a  word  which  no 
Englishman  would  have  employed.  9.  According  to  the  correspondence,  M. 
Desmaizeaux  got  access  to  Newton's  papers  after  his  death,  and  carried  off  a  great 
many  of  them.  Now  it  is  certain  that  Mr.  Oonduitt,  Newton's  nephew,  arranged 
and  examined  all  Newton's  papers  after  his  death  in  order  to  obtain  materials  for 
a  life  of  him,  and,  having  failed  to  find  a  competent  person  to  write  it,  he  under- 
took it  himself,  and  obtained  from  persons  then  ahve  all  the  information  that 
existed  respectinff  Newton's  early  life  and  studies.  All  this  information,  which  I 
have  used  in  my  life  of  Newton,  stands  in  direct  contradiction  to  the  assumption  of 
Newton's  precodtj  and  early  connexion  with  Pascal,  which  is  the  basis  of  the 
correspondence  now  exciting  so  general  an  interest  There  can  be  no  doubt,  theie^ 
fore,  tnat  the  letters  of  Newton  and  Pascal  are  audacious  and  elaborate  forgeries, 
calculated  and  intended  to  transfer  to  Pascal  the  glory  of  the  discovery  of  the  law 
of  gravitation  and  other  discoveries  which  we  owe  to  *Newton« 


On  the  alleged  Correspondence  between  Newton  and  Pascal  recently  communi- 
cated to  the  French  Academy.     By  T.  Abcher  Hirst,  F.KS.,  KEJLJS, 

The  author  stated  that  the  alleged  correspondence  between  Newton  and  Pascal, 
recently  communicated  to  the  French  Academy  by  the  eminent  geometer  and  his- 
torian Michel  Chasles,  had  taken  the  scientific  world  by  surprise.  If  genuine,  it 
would  follow  that  it  is  to  Pascal  and  not  *  to  Newton  that  we  are  indebted  for  the 
development  of  the  theory  of  gravitation ;  that  Newton  borrowed  his  ideas  from 
Pascal,  and,  what  is  worse,  basely  concealed  and  tried  to  cancel  all  traces  of  his 
having  thus  borrowed.  Charges  so  grave  as  these  could  not  for  a  moment  be 
entertained  by  Englishmen,  were  they  not  put  forward  by  one  whose  authority  is 
acknowledged,  and  whose  rectitude  of  character  is  bevonci  suspicion. 

The  real  histon"  of  these  documents  appeared  to  Tbe  unlmown  to  their  present 
owner,  nor  was  M.  Chasles  at  liberty  even  to  state  by  whom  they  were  consigned 
to  him.  We  were  deprived,  therefore,  of  the  most  direct  way  of  testing  their 
authenticity,  and  must  nave  recourse  to  examination  of  the  documents  themselves. 
With  a  view  of  enabling  us  to  do  so,  M.  Chasles  had  kindly  sent  to  Sir  David 
Brewster  and  to  the  author  of  the  present  communication  several  specimens,  in 
French,  of  Newton's  handwriting,  all  which  had  nt  once  been  pronoimced  to  be 
forgeries  by  the  eminent  biographer  of  Newton. 

After  drawing  attention  to  several  inconsistencies  contained  in  the  letters  already 
published  by  Cnasles  and  purporting  to  be  from  Pascal,  Newton,  Boyle,  Aubrey, 
and  others,  the  author  stated  that  the  question  of  authenticity  could  only  be  con- 
clusivelv  decided  by  a  careful  comparison  of  the  docimients  with  the  authentic  pa- 
pers of  Newton  now  in  the  possession  of  Lord  Portsmouth,  the  Earl  of  Macdesiield, 
the  Royal  Society,  and  Trinity  College,  Cambridge.  This  comparison  would  be 
much  uicilitated,  and^  iD4eed;  scie^itiiic  literature  greatly  enrichea,  if  the  owners  of 
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these  papers  would  geneTouslj  permit  photoRrapbic  copies  to  be  taken.  The  na- 
tional  manuscripts  of  England  and  Scotland  have  already  been  admirably  pboto- 
zincograpbed  by  Sir  Henry  James.  The  manuscripts  of  Newton,  which  are  also 
national,  certainly  deserve  to  be  transmitted  to  posterity  in  like  manner. 


Mathematics. 


On  the  Inverse  Problem  of  Coresolvents,     By  tlie  Hon.  J.  Cockle,  M,A,y  F,R.S. 
Communicated  by  the  Eev.  Professor  11.  Habley,  F,KS. 

Inverse  problems;  as  is  well  knovm,  present  greater  difficulties  than  direct  ones. 
For  instance,  while  it  is  easy  to  square  a  ntunber,  it  is  not  so  easy  to  extract  its 
square  root.  Moreover,  there  are  cases  in  which  it  is  impossible  to  obtain  a  finite  so- 
lution of  an  inverse  problenL  The  solution  of  a  quintic  is  usually  considered  to  be 
such  a  case.  In  the  theory  of  coresolvents  it  is  comparatively  easy  to  pass  from 
the  al^braical  to  the  differential  resolvent,  but  the  converse  does  not  hold.  The 
finite  integration  of  the  linear  differential  resolvent  of  a  given  algebraical  equation 
would,  perhaps,  be  a  step  towards  the  general  solution  of  the  inverse  problem. 
But  that  integration  has  not  vet  been  effected,  except  in  two  or  three  special  cases ; 
and  the  definite  integrals  of  Boole  have  not,  that  I  am  aware  of,  been  converted  into 
indefinite  ones.  In  order  to  take  the  step  above  pointed  to,  it  seems  to  me  neces- 
Borv  to  have  recoiufle  to  a  non-linear  differential  resolvent,  to  be  constructed  as 
follows : — The  elements  of  the  final  non-Enear  are  three;  the  first  is  (1)  the  second 
differential  coefllcient  of  the  dependent  variable;  the  second  is  ^2)  the  first 
differential  coefiicient  of  that  variable ;  the  third  is  (3)  the  square  oi  the  second 
element  divided  by  the  dependent  variable  itself.  The  sinister  of  the  non-linear 
resolvent  is  constituted  by  the  six  homogeneous  quadratic  products  of  the  three 
elements,  and  is  the  sum  of  those  six  products,  each  multiplied  into  an  indeter- 
minate or  conditional  multiplier.  Each  element  and  each  product  is,  as  we  know 
by  the  theory  of  coresolvents,  in  general  capable  of  being  expressed  as  a  rational 
and  integral  function  of  the  dependent  variable,  of  a  degree  less  by  one  than  that  of 
the  given  algebraic  equation.  Suppose  this  last  equation  to  lie  a  quartic,  then 
each  product,  and  consequently  the  dexter  of  the  non-linear  resolvent,  can  be  ex- 
pressed as  a  cubic  function  of  the  dependent  variable.  Let  the  dexter  of  the  non- 
linear be  reduced  to.  zero  by  causing  the  several  coefficients  of  the  cube,  the  square 
and  the  first  power  of  the  dependent  variable,  and  also  the  absolute  term,  to  vanish 
separately.  These  four  conditions,  while  they  reduce  the  dexter  of  the  non-linear 
to  zero,  enable  us  to  eliminate  four  of  the  indeterminate  multipliers  from  its  sinister. 
No  elevation  of  degree  will  arise  from  the  elimination,  for  all  these  four  condi- 
tions are  linear.  The  coefiicients  of  the  six  homogeneous  quadratic  products  on 
the  sinister  will  now  in  general  be  homogeneous  linear  functions  of  tne  two  un- 
eliminated,  indeterminate  multipliers ;  and,  by  the  solution  of  a  cubic  only,  the 
the  ratio  of  these  two  multipliers  can  be  so  assigned  as  to  cause  the  sinister  to  break 
up  into  linear  factors,  each  factor  being  a  linear  and  homogeneous  function  of  the 
three  elements.  If  we  apply  the  exponential  substitution  to  either  of  these  factors 
equated  to  zero,  the  resulting  final  non-linear  differential  equations  of  the  first 
order  are  of  a  soluble  form.  We  have  thus  constructed  a  soluble  non-linear 
differential  resolvent  of  a  general  biquadratic.  For  a  cubic  we  might  dispense 
with  one  of  the  homogeneous  products,  and  consequently  with  one  of  the  inaeter- 
minate  mMtipliers ;  but  we  should  thus  be  led  to  a  resulting  cubic ;  and  it  will  be 
better  to  retain  the  whole  six  terms  of  the  sinister.  We  shall  then,  having  only 
three  conditions  of  evanescence  to  satisfy  on  the  dexter,  be  able  to  break  up  the 
sinister  into  linear  factors,  as  before,  by  means  of  a  homo^neous  cubic  in  the  three 
remaining  disposable  indeterminate  malti]|)liers.  Applvmg  to  this  last  cubic  the 
method  of  vanishing  groups,  we  see  that  its  solution  ctepends  upon  the  solution 
of  a  quadratic  equation  and  the  extraction  of  a  cube  root  only.  In  the  case  of  a 
quartic,  the  integral  obtained  by  the  foregoing  processes  involves  two  arbitrary 
constants  only,  and  its  nature  and  extent  require  farther  discussion.    But  it  seems 
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that,  by  means  of  the  theory  of  coresolvents,  we  obtain  new  methods  of  soliring 
algebraic  equations  up  to  the  fourth  degree  inclusive ;  and  although  the  above 
discussion  does  not  embrace  equations  whose  degrees  exceed  four,  it  apparently 
indicates  that  further  results  may  spring  from  the  study  of  non-linear  dinerential 
resolvents.  

A  list  of  6600  Prime  Numbers.    By  W.  Babbett  Davis. 

On  Finite  Solutions  of  AlgehraiccH  Equations, 
By  the  Bev.  Professor  E.  Hablet,  FM,8. 

On  a  certain  Cyclical  Symbol.    By  the  Rev.  Professor  R.  Hablet^  FMJS. 

The  object  of  this  paper  was  to  explain  the  meaning  and  use  of  a  certain  symbol 
which  the  author  haa  employed  with  advantage  in  dealing  with  circular  algebraic 
functions.  Some  years  ago,  while  encaged  on  the  theory  of  quintics,  the  author 
found  that  in  the  transformation  and  general  treatment  of  the  higher  equations 
circular  functions  occupy  a  conspicuous  place,  and  play  an  all-important  part ;  and 
the  author  was  led,  by  an  attentive  consideration  of  the  structure  of  such  fimctions, 
to  devise  a  calculus,  whereby  operations  upon  them  might  be  materially  abridged. 
The  author  had  since  found  that  his  invention  had  been  to  some  extent  anticipated 
by  Yandermonde,  in  a  Memoir  on  the  Hesolution  of  Equations,  published  by  the 
French  Academy  in  1771.  The  author  explained  the  difference  oetween  Yander- 
monde's  process  and  his  own,  and  showed  how  he  had  succeeded  lately  in  enlarging 
the  powers  of  the  latter.  Examples  were  given  to  illustrate  the  value  of  the  new 
symbol,  not  only  as  an  abridged  notation^  but  also,  what  was  more  important,  aa  a 
working  instrument  or  process. 

On  a  Theorem  in  the  Integral  Calculus.     By  Dr.  D.  Bierens  de  Haait. 

The  differentiation  of  an  inteCTal  according  to  a  constant  under  the  sign  of  inte- 
gration has  been  extended  by  bchlomilch  to  the  case  of  the  limits  of  the  int^i^ral 
depending  on  this  constant.  Omitting  the  correction  in  case  of  discontinuity,  the 
formula  is  ^ 

|£V«)^=J^"'^«^+*0>,R)f-.^(p.r)* (1) 

Now  an  analogous  formula  should  exist  for  integration  under  the  integral  sign. 
From  (1),  when  K  and  r  are  constants  in  regard  to  p,  and  so  the  two  last  forms 
vanish,  we  deduce 

I    dp\   f(p,x)dx^\     dx\  f{p,x)dp, (2) 

JP       Jr  Jr        Jp    , 

that  is,  the  theorem  for  changing  the  order  of  integration.  In  the  sfimc  manner, 
from  (1)  with  the  two  last  temis,  we  deduce,  first, 

and  afterwards,  after  some  transfonnations, 

\    dp\    f{p,  x)dv^  \     d^  r /(p,  a')dp  -  f '5^  rfp  (  f[p,  Ryp 
Jp     J*-  Jr      Jp  %   ^^      J 


+ 


w 
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wiere 

F(p,y)=«iM,  <l,(p,y)^(f(p,y)dp (4a) 

Both  fonnulsa  are  of  use  in  the  integral  calculus. 

< 
Proof  of  the  Binomial  Theorem.    By  the  late  James  Lindsay. 

Communicated  hy  W.  B.  Ghant. 


On  the  Approximate  Drawing  of  Circular  Arcs  of  given  lengths. 
By  Professor  W.  J.  Macquork  RAinmrE,  LL,D,,  F.R.S. 

This  paper  contains  rules  for  use  in  mechanical  drawing,  founded  on  the  prin- 
ciple, that  if  a  straight  line  and  an  indefinite  number  of  circles  in  one  plane  touch 
each  other  at  one  point,  the  curve  which  cuts  oif  parts  of  a  given  uniform  length 
from  the  straight  tangent  and  from  all  the  circles,  approximates,  in  the  neighbour- 
hood of  the  place  where  it  cuts  the  straight  tangent,  very  closely  to  a  circular  arc 
whose  radius  is  three-fourths  of  the  given  umform  length.  The  arcs  laid  off 
according  to  the  rules  are  somewhat  longer  than  the  exact  length ;  but  in  an  arc 
subtending  3(P  the  error  is  only  Txi^nr  P^^  ^^  ^^®  length  of  the  arc ;  and  it  varies 
nearly  as  the  fourth  power  of  the  angle  subtended  by  the  arc. 


ASTSOXOMY. 

Preparations  for  Ohstrving  the  Total  Solar  Eclipse  of  August  18, 1868. 
By  Major  J.  F.  Tennaht,  E.E.,  F.B.A.S.,  F.B.O,S.,  F.M.8. 

In  January  last  I  drew  the  attention  of  the  Royal  Astronomical  Society  to  the 
Total  Eclipse  of  1808,  August  18,  which  will  be  visible  in  India,  and  in  the  March 
Number  oi  the  'Notices'  of  the  Society  will  be  found  a  paper  in  which  I  proposed 
that  the  Government  of  India  should  be  solicited  to  make  arran^ments  for  making 
use  of  this  very  fiEivourable  opportunity  for  examining  the  prominences. 

I  am  happv  to  say  that,  at  tne  suggestion  of  the  Astronomer  Royal,  the  Secretary 
of  State  for  India  has  sanctioned  the  preparation  of  an  equipment,  and  I  propose  in 
this  note  to  mention  what  is  in  progress. 

First.  It  is  intended  to  photograph  the  appearances  of  the  total  phase.  For 
this  purpose  a9}-inch  "  silver-on-glass"  reflector,  equatorially  mounted  and  driven 
by  clockwork,  is  bein^  prepared.  The  photographs  will  be  taken  in  the  focus  of 
the  speculum,  and  it  is  estimated  that  the  exposure  to  produce  an  image  of  the 

Srommences  will  not  exceed  half  a  second.  Provision  is  being  made  for  a  consi- 
erable  field,  in  order  that,  if  possible,  some  record  may  be  obtained  of  the  struc- 
ture of  the  corona. 

Secondly.  It  is  proposed  to  examine,  as  well  as  may  be,  the  spectra  of  the  pro- 
minences and  corona.  For  this,  one  of  the  old  collimators  of  the  Greenwich  Transit 
Circle  has  been  kindly  lent  by  the  Astronomer  Royal.  It  is  being  equatorially 
moimted  in  a  rough  way,  and  will  be  provided  with  a  spectroscope  permitting  the 
observations  to  be  referred  to  the  lines  of  the  solar  spectrum. 

Lastly.  The  Astronomer  Rojral  has  lent  a  42-inch  telescope,  mounted  fimilv,  to 
which  is  being  adapted  an  eyepiece  for  examining  the  stote  of  polarization  of  the 
lights  of  the  prominences  and  corona.  An  arrangement  is  being  made  b^  which 
one  test  may  be  rapidly  changed  for  another,  and  it  is  hoped  that  in  this  way  a 
more  satisfactory  result  wiU  be  obtained  than  by  any  single  test. 

1  trust  that  all  the  instrumente  will  be  in  India  early  in  next  year,  and  that  they 
will  be  in  position  in  time  to  allow  experiments  to  be  made,  so  as  to  secure  tho 
success  of  tne  photographic  operations. 
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On  the  CoIouTM  of  the  Soap^Buhble. 
By  Sir  David  Bbbwster,  K,H.,  LL.D.y  F.B.8,,  ^c. 

The  colours  of.  the  soap-bubble  have  been  the  subject  of  frequent  observation 
since  the  time  of  Boyle,  Hook,  and  Newton,  and  they  have  been  invariably  ascribed 
"  not  to  any  colour  in  the  medium  itself  in  which  thejr  are  formed*  or  on  whose 
surfaces  thev  appear,  but  solely  to  its  greater  or  leas  thickness.''  The  author  of 
this  paper  nad  been  led  to  doubt  the  correctness  of  this  opinion,  and  while  re- 

f  eating  the  beautiful  experiments  of  Professor  Plateau  "  On  the  Equilibrium  of 
iquidEilms,''  he  was  led  to  discover  the  true  cause  of  these  colours,  whether  they 
are  observed  on  the  soap-bubble  or  on  plane,  conve3(,  and  concave  nlms  stretched 
across  the  mouths  of  closed  or  open  vessels. 

The  paper,  which  is  illustratea  with  numerous  coloured  drawings,  is  divided  into 
five  parts. 

1.  On  the  phenomena  of  colour  in  a  vei'tical  plane  film. 

2.  On  the  production  of  revolving  systems  of  coloured  rings  on  the  soap-film. 

3.  On  the  lorm  and  movements  of  the  bands  and  rings  on  convex  and  concave 
films. 

4.  On  the  phenomena  produced  by  diflerent  solutions. 

6.  On  the  ori^n  and  development  of  the  colours  of  the  soap-bubble. 

In  these  sections-the  author  has  shown  that  the  colouring-matter  of  the  soap- 
bubble  is  secreted  from  the  soap-solution  when  reduced  to  the  state  of  a  film ; 
that  it  rises  to  the  highest  point  of  the  film  in  colourless  portions,  in  the  form  of 
tadpoles,  which  pass  mto  molecules  in  every  possible  order  of  colour,  and  then  take 
their  proper  place  in  the  coloured  bands  ;  that  these  bands  move  over  the  surface 
of  the  film  under  the  influence  of  gravity,  and  may  be  blown  into  fragments  or  into 
molecules  of  all  colours,  or  even  recombined  with  the  .film  j  that  they  may  be  blown 
into  two  systems  of  coloured  rings,  the  one  revolving  from  right  to  left,  and  the 
other  from  left  to  right ;  and  that  under  the  the  influence  of  the  centrifugal  force, 
ihese  molecules  are  carried  into  their  place  in  Newton's  scale — ^those  of  the  first 
orders  going  &  the  centre  of  the  rings,  and  followed  by  those  of  higher  orders  that 
happen  to  be  in  the  film,  when  it  is  blown  upon  through  a  tube  in  the  direction  of 
a  diameter. 

"  It  is  impossible,"  the  author  adds,  ^'  to  convey  in  language  an  adequate  idea  of 
-the  molecular  movements,  and  the  brilliant  chromatic  phenomena  exhibited  on  the 
soap-films,  and  i^is  e(]^ually  impossible  for  art  to  delineate  them.  The  visible  secre- 
tion of  a  colourless  fiuid  from  a  film  less  than  the  twelve  thousandth  of  an  inch  in 
thickness, — its  sepaiution  into  portions  of  every  possible  colour,*— the  quick  passage 
of  these  portions  into  bauds  of  the  diflerent  orders  in  Newton*s  scale, — their  ever 
varying  forms  and  hues  when  the  bands  either  break  up  spontaneously,  or  are 
forciblv  broken  up, — their  conversion  into  revolving  systems  of  coloured  rings  under 
the  influence  of  a  centrifugal  force, — their  various  motions  when  the  film  is  at  rest, 
and  protected  from  aerial  currents, — their  recombination  into  a  colourless  fiuid 
when  driven  to  the  centre  or  margin  of  concave  and  convex  films,  and  their  reab- 
sorption  by  the  film  by  means  of  mechanical  difiusion,  are  facts  constituting^  a 
system  of  visible  molecular  actions,  of  which  we  have  no  example,  and  nothing 
even  approaching  to  it  in  Physics.'* 

On  the  Figures  of  Equilibrium  of  Liquid  Fihns, 
By  Sir  David  Brewster,  X.IT.,  LL.D.y  F,R,8,,  ^<j. 

In  repeating  some  of  the  experiments  of  Professor  Plateau,  described  in  seven 
interesting  memoirs  published  in  the  Transactions  of  the  Belmon  Academy,  and 
in  prosecuting  his  own  experiments  on  the  colours  of  the  soap-bubble,  the  author 
.of  this  paber  observed -several  new  phenomena  which  may  have  escaped  the  notice 
of  the  Belgian  philosopher. 

Professor  Plateau  has  described  and  drawn  the  beautiful  systems  of  soap-filmf. 
obtained  by  lifting  from  a  soap-solution  a  cube  made  of  wires  about  one  ana  a  hall 
inch  long.    This  system  is  a  polyhedron,  composed  of  twelve  similar  films  stretch- 
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inp^  from  the  wires,  and  united  to  a  plane  quadranffular  film  in  the  eentre.  When 
this  vertical  film  was  hluwn  upon^  M.  Von  Bees  oneerved  that  it  was  reduced  to 
a  line,  and  then  reproduced  in  a  horizontal  position,  from  which  it  could  he  hlown 
again  into  a  vertical  position. 

If  we  suppose  the  quadrangular  film  removed,  and  all  the  twelve  films  radiating 
from  the  centre  of  the  cuhe,  Professor  Plateau  lound  that  such  a  sjstem  could  not 
he  kept  in  equilibrium,  unless  there  was  something  solid  in  the  central  point,  such 
OS  the  end  of  a  wire  or  a  drop  of  fluid. 

In  repeating  these  experiments  the  author  found  that,  after  converting  the  hori- 
zontal into  the  vertical  quadrangular  film,  and  continuing  the  blowing,  he  produced 
the  radial  system  of  films,  whicii  in  an  instant  returned  to  the  system  with  a  ver- 
tical film,  and  then  into  the  system  with  the  horizontal  film. 

^r.  Von  Rees  had  found  that,  by  immersing  the  wire  cube  with  the  normal  poly- 
hedron a  few  millimetres  in  the  soap-solution,  the  film  formed  on  its  lower  fiice, 
imprisoned  the  air  in  the  quadrangular  nyramid  above  it,  and  that  this  air  rose  to 
the  centre  of  the  cube,  and  replaced  tne  quadrangidar  plane  with  a  hollow  cube 
with  curved  feces. 

In  this  beautiful  experiment  the  hollow  cube  is  invariable  in  sixe,  being  neces- 
sarily equal  in  its  contents  to  one-fourth  part  of  the  wire  cube.  The  author  of  the 
present  paper  discovered  a  method  of  inserting  a  hollow  cube  of  any  magnitude  in 
the  centre  of  the  polyliedron.  This  was  done  by  blowing  a  bubble  of  the  requisite 
Mze,  and  introducmg  it  within  the  wire  cube.  He  succeeded  also  by  this  means  in 
insertinpf  a  second  hollow  cube  beside  the  first,  the  side  common  to  both  being 
plane  when  the  two  cubes  were  equal,  convex  when  the  one  was  less,  and  concave 
when  it  was  greater  than  the  other.  In  such  a  system,  which  is  in  perfect  equili- 
brium, the  number  of  films  is  nineteetu  He  found  also  that  two  hoUow  solid  figures 
could,  by  the  same  means,  be  inserted  in  the  other  systems  of  films  which  Proiessor 
Plateau  had  discovered  iu  a  wire  tetrahedron,  or  a  quadrangular  pyramid,  or  a 
regular  octahedron,  or  a  rectangular  prism,  or  in  a  system  obtained  from  two  rectan- 
giuar  planes  fixed  at  right  angles  to  each  other. 

This  last  and  interesting  system  consists  of  four  curved  films  extending  jfrom  each 
vertical  wire,  and  connected  with  an  elliptical  film  in  the  common  section  of  the 
rectangles.  The  major  axis  of  this  film  is  four  times  greater  than  its  minor  axis, 
and  it  is  placed  in  the  angle,  which  is  a  little  greater  than  OO',  but  sometimes  alto 
in  the  other  angle. 

By  making  this  system  of  wires  moveable,  so  that  the  rectangular  planes  can  pass 
from  WP  to  180^,  the  author  obtained  some  singular  results.  As  the  angle  increased 
from  00^,  the  minor  axis  of  the  elliptical  film  increased,  till  when  it  approached  to 
180°  it  was  nearly  circular,  appropriating  gradually  the  fluid  of  the  four  curved 
films  attached  to  the  wires. 

By  again  diminishing  this  angle  the  almost  circular  film  became  more  and  more 
elliptical^  till  it  reached  its  normal  state  at  9(P.  giving  back  to  the  curved  films  the 
fluid  which  formed  them.  If  the  angle  of  tne  rectangular  plane  which  contains 
the  elliptical  film  is  diminished,  the  film  will  grow  more  elliptical,  and  at  45°  will 
become  a  straight  line,  giving  up  its  fiuid  to  the  other  four  films.  At  this  instant 
the  whole  s^'stem  changes,  the  oval  film  being  reproduced  in  the  angle  of  136°  1 

Kemarkable  as  this  phenomenon  is,  there  is  one  still  more  remarkable,  which 
requires  the  testimony  of  the  eye  to  make  it  credible.  If  when  the  rectangles  are 
inclined  90°  we  blow  upon  the  elliptical  film  a  bubble  of  such  a  »ze  as  to  replace 
the  system  of  films  with  a  hollow  ciur^'ilineal  cube,  and  wait  till  it  bursts,  ike  wetem 
of  liquid  films  which  it  expeUed  mill  reappear ,  a»  if  it  had  left  its  ghost  behind  it  to 
recover  the  elements  which  the  bubble  had  appropriaied  1 

By  uniting  the  upper  and  lower  ends  of  all  the  wires  in  this  systenfi,  and  also  by 
uniting  the  wires  at  various  points  in  their  lonpfth,  the  author  obtained  a  number 
of  beautiful  and  complex  systems  of  films,  which  require  numerous  diagrams  to 
make  them  intelligible. 

After  treating  of  the  equilibrium  of  liquid  films,  as  seen  in  the  union  of  spherical 
bubbles  and  other  hollow  solids,  the  autiior  considers  the  formation  of  plane,  con- 
vex, and  concave  films  upon  the  mouths  of  open  and  closed  vessels  of  different 
shapes,  and  their  deposition  on  the  same  vessels  from  bubbles  ]  and  he  describes 
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varioas  remarkable  movements  of  the  filmS;  upwards  and  downwards^  when  they 
are  formed  upon  conical  vessels  open  at  both  ends. 

Notice  respecting  the  Enamel  Photographs  executed  by  Mr,  M'Baw,  of  Edin-* 
burgh.    By  Sir  Dayib  Brewster,  ZjE?.,  LL.D,,  F.K8,,  ^c. 

In  order  to  give  permanence  to  photographs,  various  attempts  have  been  made  to 
bum  them  into  glass  or  porcelain.  M.  Joubert  and  M.  Lafon-Cameraac  some 
time  ago  produced  very  fine  pictures  by  this  process ;  and  more  recently,  M.  Ober- 
metter  and  M.  Grune.  of  Berlin,  have  been  equally  successfiiL  Our  countryman, 
Mr.  William  M'Kaw,  nas  also  succeeded  in  obtaining  verv  excellent  pictures,  whicn 
will  bear  comparison  with  those  produced  by  the  best  forei^  artists,  and  he  has 
requested  me  to  exhibit  specimens  to  the  bection.  Mr.  M'Kaw  believes  that  his 
process  is  similar  to  that  of  Caniersac^  which  is  kept  secret,  and  he  claims  no  other 
merit  than  that  of  bein^  the  first  Bntish  artist  who  has  succeeded  in  this  branch 
of  photography.  His  pictures  are  produced  in  any  enamel  colour,  and  although, 
beiore  they  are  fired,  they  can  be  rubbed  off  like  daguerreotype,  yet  the  burning 
fixes  them  immoveably,  while  the  fusion  of  the  picture  gives  it  its  characteristic 
transparency.  From  some  experiments  which  he  has  already  made,  Mr.  M^Raw  is 
sanguine  that  the  pictures  may  not  only  be  produced  in  monochrome,  but  that  they 
may  be  simply  tinted  and  finished  witn  the  various  colours  burned  in.  Althouffn 
the  specimens  are  chiefiy  on  g^lass,  yet  they  can  be  transferred  to  any  surface  or  bud- 
stance  that  will  stand  the  finng,  such  as  enamelled  copper  articles  of  porcelain. 

On  the  Motions  and  Colours  upon  Films  of  Alcohol,  Volatile  Otis,  and  other 
Fluids,    By  Sir  David  Brewster,  K,H,,  F.E.S.,  4t^. 

In  a  paper  ^^  On  the  Phenomena  of  thin  Plates  exposed  to  Polarized  Light." 
published  in  the  Philosophical  Transactions  for  1841,  the  author  observed  certain 
motions  and  colours  upon  some  of  the  volatile  and  fixed  oils,  the  cause  of  which  he 
did  not  attempt  to  discover.  Their  apparent  similarity  to  the  molecular  movements 
and  colours,  described  in  a  preceding  paper,  induced  him  to  resume  the  subject. 

When  a  drop  of  alcohol  is  placed  upon  an  aperture  the  fifth  of  an  mch  in 
diameter  or  less,  a  concave  lens  will  be  formed  upon  it  As  the  alcohol  evaporates^ 
a  tery  small  plane  film  will  appear  in  the  centre^  and  will  gradually  increase  till  it 
fills  the  aperture.  If  held  in  a  vertical  or  even  mclined  position,  and  examined  by 
transmitted  light,  a  current  of  fluid,  without  colour,  will  be  seen  issuing  firom  the 
margin  of  the  film,  moving  quickly  to  different  parts  of  its  circumference,  some- 
times dividing  itself  into  two  currents  dancing  opposite  one  another,  and  then  ex* 
tending  into  secondary  currents  in  constant  motion.  Similar  currents  are  produced 
UDon  various  alcoholic  solutions  and  a  large  number  (seventy  to  eighty)  ox  volatile 
oils,  &c. 

If  we  now  examine  the  film  by  reflected  light,  the  principal  and  secondary  cur- 
rents will  be  seen  as  before,  but  accompanied  with  systems  of  coloured  rings  of 
great  beauty,  shifting  their  place  on  the  film,  sometimes  in  rotation,  expanding  and 
oontractineauickly,  and  changing  their  form  and  colour. 

In  small  films  there  is  oft«n  only  one  system  of  rings  contracting  and  expanding 
with  a  constant  variation  of  the  central  tint.  In  general,  however,  there  are  two, 
three,  or  several  systems — each  system  being  produced  by  a  secondary  current 

S'ving  motion  to  the  colouring-matter  on  the  surface  of  the  film.  In  some  cases 
e  motions  and  colours  disappear,  the  film  becomes  colourless,  and  tadpoles  issue 
from  its  margin  as  on  the  soap-bubble ,-  but  in  general  the  film  bursts  oefore  this 
takes  place.  The  colourless  currents  and  the  colours  into  which  they  expand  are 
supposed  by  the  author  to  have  the  same  origin  as  those  upon  the  soap-bubole.  The 
paper  was  illustrated  by  drawings  of  the  currents  and  of  the  systems  of  rings. 

On  ifie  Badiant  Spectrum,  By  Sir  David  Brewster,  K,H.,  LL.D,,  F.R,S.,  ^c, 

I  have  g^ven  the  name  of  Badiant  Specti*um  to  a  phenomenon  which  I  discovered 
in  1814,  and  which  I  described  to  the  Royal  Society  of  Edinburgh  in  the  early  part 
of  that  year. 


TRANBACIION8  OF  T 


It  will  be  underatood  from  fig.  1,  which  reprosenta  the  brilliant  radiation  which 
BUTTOunda  s  verj  email  image  of  the  sun,  when  it  is  fonaed  either  by  reflectioQ 
or  mfractioii,  oi  otherwiBe. 


riff- 5.  (f)V 


m'  Fig  9.  M 


*  ronn  a  epectnira  of  this  radiant  image,  either  by  a  primi  or  bj  dif- 
e  sliatl  hnre  the  radiant  »pectrum  Bhown  in  jig.  2,  where  MN  la  the 
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fpectnim  of  the  small  ciroHlar  imaffe  S,  and  AB  the  Bpectrum  of  the  radiation,  the 
centre  of  which  is  heyond  the  yioiet,  and  nearly  in  the  place  where  the  intensity 
of  the  chemical  or  invisihle  rays  is  a  maximum. 

In  order  to  analyze  this  compound  radiation,  let  the'  ima^e  of  the  sun  S,  fig.  1, 
be  taken  from  homogeneous  rea  light  K,  fig.  8,  and  refracted  by  the  prism,  ana  we 
shaU  have  its  radiation  ab  at  a  little  distance  from  the  bright  portion  K,  as  in  fig.  3. 
In  homogeneous  yellow  light  ( Y,  fig.  4)  the  radiation  db  will  be  at  a  greater  distance 
from  Y  than  in  the  red  light.  In  homogeneous  violet  light  (Y,  fig.  5)  the  radiation 
ah  will  be  at  a  greater  distance  from  V  than  in  the  yeuow  bght 

If  we  now  refract  laterally  these  homogeneous  radiant  spectra,  fig.  3  will  be 
changed  into  tig.  6,  fig.  4  into  fig.  7,  and  fig.  5' into  fig.  8,  thus  proving  that  the 
i*adiant  portion  of  the  spectra  consists  of  rays  more  refrangible  than  the  portion  RY 
and  V  from  which  it  is  derived,  and  that  the  difference  between  the  refractive  in- 
dices of  these  portions  increases  with  the  refrangibility  of  the  ravs  at  KY  and  V. 

The  compound  spectrum  MN,  AB,  fig.  2,  is  therefore  composed  of  all  these  sepa- 
rate spectra,  and  if  we  refract  it  laterally,  as  shown  in  fig.  9,  we  produce  the 
oblique  radiant  spectrum  M'N'A'B',  thus  proving  that  the  radiant  image  consists 
of  rays  more  refrangible  than  the  homoo^cneous  light  from  which  it  is  derived. 

In  a  rude  experiment  with  a  prism  of  Hint  glass,  whose  mean  index  of  refraction 
was  1-596,  the  mdex  of  the  extreme  violet  was  1*610,  and  that  of  the  centre  of  the 
radiant  Image  1"640. 

In  the  preceding  experiments  the  radiation  is  produced  by  the  action,  on  the 
retina,  of  tne  small  and  origfat  image  of  the  sim ;  but  the  same  results  are  obtained, 
and  more  distinctlv  exhibited,  by  placing  a  surface  of  finely  ground  glass  either  on 
the  front  of  the  pnsm,  or  behind  it,  and  near  the  eye. 

The  existence  of  a  radiant  image  beyond  the  violet  end  of  the  spectrum,  as  in 
^^.  2,  is  a  fact  difiicult  to  explain.  I  have  had  an  opportunity  of  describing,  or 
showing  it  to  ^veral  distinguished  philosophers — to  the  Marquis  Laplace  and  M. 
Biot  in  the  autumn  of  1814,  and  more  recently  to  others,  by  some  of  whom  the 
experiments  have  been  repeated,  but  no  explanation  of  them  has  been  suggested, 
excepting  the  imtenable  one  that  the  separation  of  the  radiant  image  from  the 
ordinary  spectrum  might  be  the  result  of  parallax. 

A  better  theory,  and  one  of  great  interest,  if  true,  mav  be  sought  in  the  pheno- 
mena of  fiuorescence,  discovered  in  sulphate  of  quinine  by  Sir  John  Herschel,  and 
in  fiuor  spar  and  other  substances  by  myself,  and  in  the  beautiful  explanation  of 
them  by  Professor  Stokes.  In  this  theory  the  invisible  radiation  of  tne  chemical 
rays  is  rendered  visible  by  being  scattered  by  granular  surfaces,  just  as  the  invisible 
chemical  rays  in  the  ordinary  spectrum  are  rendered  visible  by  being  reflected  and 
scattered  by  the  particles  of  fluorescent  bodies. 

On  the  Laws  of  Symmetry  of  Crystalline  Forms,     By  A.  H.  Catton. 

A  contribution  towards  the  expression  of  the  angle  between  the  Optic  axes  of  a 
Crystal  in  term>s  of  the  angles  between  tJie  faces.     By  A.  R.  Cattost. 

On  the  Theory  of  Double  Effraction,  with  special  reference  to  the  influence  of 
the  Material  Molecules  07i  the  propagation  of  Light  in  Crystals.     By  A.  B. 

Cattok.  

On  a  Mechanical  Means  of  producing  the  differential  motion  required  to  equa- 
lize the  focus  for  the  different  planes  of  a  solid.     By  A.  Clat7DXT,  F.iJ./S.* 

A  New  Fact  of  Binocidar  Vision.    By  A.  Claudkt,  F.MJS. 


Photographic  Portraits  obtained  by  Single  Lenses  of  Rod'  Crystal  and  Topaz, 

By  A.  CLArDET,  F,R.S. 

•  See  PrococdingH  of  the  Boyal  Society,  18G7. 
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On  a  Bml  Image  Stereoscope.    By  J.  Clbbk  Maxwbll,  M,A,,  P.K,S. 

In  all  stereoscopes  there  is  an  optical  arrangement^  by  which  the  right  eye  sees 
an  imago  of  one  picture  and  the  left  eye  that  of  another.  These  images  ought  to 
be  apparently  in  the  same  place,  and  at  the  distance  of  most  distinct  vision.  In 
ordinaiy  stereoscopes  these  imac^es  are  virtual,  and  the  observer  has  to  place  his 
two  eyes  near  two*  apertures,  ana  he  sees  the  united  images,  as  it  were,  b^ind  the 
opticca  apparatus.  In  the  stereoscope  made  for  the  author  by  Messrs.  Elliott 
brothers  the  observer  stands  at  a  short  distance  from  the  apparatus,  and  looks  willi 
both  eyes  at  a  large  lens,  and  the  image  appears  as  a  real  oljject  close  to  the  lens. 
The  stereoscope  consists  of  a  board  about  '2  feet  long/ on  which  is  placed,  first,  a 
vertical  frame  to  hold  the  pair  of  pictures,  which  may  be  an  ordinary  stereoscopic 
slide,  turned  upside  down ;  secondly,  a  sliding  piece  ^near  the  middle  of  the  board 
containing  two  lenses  of  6  inches  focal  length,  placed  side  by  side,  with  their  centres 
about  11  inch  apart ;  and  thirdly,  a  frame  containing  a  large  lens  of  about  8 
inches  focal  length  and  3  inches  diameter.  The  obsex'ver  stands  with  his  eyes 
about  2  feet  from  the  large  lens.  With  his  right  eye  he  sees  the  real  image  of  the 
left-hand  picture  formed  by  the  left-hand  lens  in  the  air,  close  to  the  large  lens, 
and  with  the  left  eye  he  sees  the  real  image  of  the  other  picture  formed  by  the 
other  lens  in  the  same  place.  The  .united  images  look  like  a  real  object  in  the  air, 
close  to  the  large  lens.  This  image  may  be  magnified  or  diminished  at  pleasure  by 
sliding  the  piece  containing  the  two  lenses  nearer  to,  or  further  &om,  the  pictures. 

Experiments  on  the  Luminosity  of  PJwsphorus,     By  J.  Mofpat,  M.D, 


Heat. 

On  some  Deiluctlofis  hj  Dr.  Tyndall  from  his  recent  Ewperiments  regarding 
.  the  Radiant  and  Absorptive  Properties  of  Vapour  in  Die  Atmo»pJiere.     By 
E.  BirssELL. 

After  referring  to  the  importance  of  Prof.  TyndalFs  researches  on  heat  as  a  mode  of 
motion,  the  author  took  exception  to  some  of  his  deductions  on  the  influence  which 
the  vapour  of  water  exertfl  in  modifying  the  intensity  of  solar  and  terrestrisl  radia- 
tion. The  author  stated  that  he  hod  come  to  the  conclusion  that  the  radiant 
powers  of  the  vapour  of  water  in  the  atmosphere  were  not  even  capable  of  forming 
clouds,  though  they  might  be  capable  of  forming  mists  in  valleys.  In  our  atmo- 
sphere he  believed  that  the  vapour  of  water  has  little  {>ower  of  transmittinff  ita 
heat  into  space  when  it  approaches  or  reaches  the  dew-point,  and  that  if  any  cloud 
had  been  caused  by  the  raaiation  of  heat  into  space,  its  upper  surface  would  be  flat, 
like  the  mists  in  the  meadows  before  simrise.  These  ana  other  reasons  led  him  to 
the  conclusion  that  the  radiation  of  vapours  into  space  has,  directly,  a  very  slight 
influence  on  the  production  of  jain. 

On  a  New  Telegraphic  TJiermorneter,  and  on  the  Application  of  Hie  Princi]fie 
of  its  construction  to  other  Meteorological  Indicators.  By  C.  Wheatstonb, 
F.B.B.,  D.C.L.,  LL.B.,  ^r. 

The  telegraphic  thermometer  which  I  constructed  in  1843,  and  which  is  de- 
scribed in  the  Keport  of  the  Thirteenth  Meeting  of  the  British  Association,  depended 
on  the  simultaneous  action  of  two  isochronous  chronometer  or  clock  movementa — 
one  at  the  remote  station  regulating  the  motion  of  a  plunger  in  the  bore  of  a  ther- 
mometer, and  the  other  at  the  near  or  observing  station,  marking,  W  the  motion 
of  the  needle  of  a  galvanometer,  the  moment  at  which  the  contact  of  the  plunger 
with  the  mercury  of  the  distant  thermometer  completed  or  broke  the  circuit.  The 
clock  movements  required  to  be  periodically  wound  up,  and  therefore  the  aflfected 
instrument  could  not  be  left  to  itself  for  an  indefinite  time. 

There  are,  however,  many  situations  in  which  it  might  be  desirable  to  have 
meteorologic  indications  when  the  instruments  would  not  be  accessible  toi  very 
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lon^  periods.  I  have  therefore  demised  a  new  class  of  telegraphic  meteorometers 
which  shall  be  independent  of  clockwork,  and  may  remain  in  any  situation  of  diffi- 
cult access  as  lon&p  as  the  instrument  endures.  This  principle  is  applicable  to  all  in- 
struments which  mdicate  by  means  of  a  revolying  hand,  and  I  have  already  devised 
its  application  to  a  Breguet's  metallic  thermometer,  an  aneroid  barometer,  and  an 
hygrometer,  depending  on  the  absorption  of  moisture  by  a  thin  membrane.  It  is  also 
applicable  to  a  oar-magnet  in  a  fixed  position,  and  to  a  variety  of  other  indicators. 

The  apparatus  consists  of  two  distinct  instruments,  connected  only  by  telegraphic 
wires :  tne  first  I  will  call  the  questioner  (A) ;  the  second,  the  responder  ^B). 

The  questioner  (A)  is  a  rectangular  box  presenting  externally  a  circular  dial  face, 
round  which  are  engraved  the  degrees  both  of  the  Fahrenheit  and  Centigrade  ther- 
mometric  scales ;  the  former  ranging  from  20°  below  zero  F.  to  220°  above  that 
point,  and  the  latter  from  0°  to  110^  C.  It  shows  besides  three  binding  screws  for 
the  purpose  of  connecting  the  telegraphic  wires,  and  a  handle  which  causes  the 
rotation  of  the  armature  of  a  magnetomotor  in  the  interior.  This  magnetomotor 
is  similar  in  its  construction  to  that  employed  in  my  alphabetic  magnetic  tele- 
graph ;  a  soft  iron  armature  rotating  before  the  four  poles  of  the  maguet  occasions, 
when  the  circuit  is  completed,  alternate  currents  of  equal  intensity.  The  box  also 
contains  a  small  electromagnet  whicli  acts  by  means  of  mechanism  similar  to  that 
employed  in  the  indicator  of  the  aforesaid  telegraph,  and  causes  the  revolution  of 
the  index  of  the  dial. 

The  responder  (B^  is  a  cylindrical  brass  box  which  presents  on  its  upper  surface 
a  similar  aial  with  its  thermometric  scales  and  index ;  at  its  base  three  binding 
screws,  corresponding  to  those  of  the  questioner,  are  fixed  for  connecting  the  tele- 
graphic wires,  and  it  is  furnished  with  a  brass  cover  that  it  ma^^  be  hermetically 
sealed  when  lowered  in  the  sea  or  buried  in  the  ground.  Its  interior  contains  thr^ 
essentially  distinct  parts : — 1.  The  metallic  thermometer,  which  consists  of  a  spiral 
ribbon  of  two  dissimilar  metals,  with  its  hand  capable  of  ranging  through  the  ex- 
tent of  the  circular  thermometric  scale  of  the  dial.  2.  A  small  electromagnet, 
acting  by  means  of  a  propelment  on  a  disk,  making  as  many  stops  in  one  rotation  as 
there  are  half  degrees  on  the  scale.  3.  An  axis,  to  which  is  fixed  a  delicate  spiral 
spring  which  causes  a  pin  to  bear  lightly  against  the  hand  of  the  thermometer, 
however  it  may  vary  in  position. 

The  two  instruments  are  connected  by  means  of  two  telegraphic  wires.  The 
first  proceeds  from  an  earth-plate  at  the  near  station,  passes  through  the  coil  of  the 
electromotor  in  A,  joins  the  coil  of  the  small  electromagnet  in  B,  and  then  pro- 
ceeds to  another  earth-plate  at  the  distant  station.  The  second  wire  is  perma- 
nently connected  with  the  first  between  the  earth-plate  and  the  coil  of  the  mag- 
netomotor, and  includes  that  of  the  electromagnet  in  B,  and  its  opposite  end  is 
brought  close  to  the  remote  end  of  the  first  wire.  The  mechanism  is  so  disposed 
that  when  the  first  wire  is  disconnected  from  its  earth  tenninal  it  is  brought  into 
circuit  with  the  second  wire. 

By  this  arrangement,  when  the  dial  of  A  is  brought  to  (P  and  the  handle  turned, 
at  the  first  moment  the  circuit  is  completed  through  the  first  wire,  containing  the 
coil  of  the  electromagnet  in  B,  and  the  return  eartli.  A  disk  is  thereby  caused  to 
revolve  in  an  opposite  direction  to  the  graduation  of  the  scale,  until  a  pin,  originally 
starting  from  0  ,  comes  into  contact  with  the  pin  pressing  against  the  thermometer 
hand,  and  thereby  completes  the  circuit  of  the  second  wire  and  breaks  the  connexion 
with  the  earth-plate.  At  first  only  the  electromagnet  in  B  is  acted  upon,  but 
when  the  currents  are  diverted  into  the  new  channel,  both  the  electromagnets 
act  simultaneously.  In  consequence  of  the  action  of  the  electromagnet  in  A  the 
hand  of  its  dial  passes  over  a  space  correspondinof  with  that  between  0^  and  that 
indicated  by  the  thermometer,  and  the  hand  of  the  dial  ultimately  accords  with 
that  of  the  distant  thermometer.  When  the  hand  of  the  dial  on  A  comes  to  rest, 
the  disk  in  B  arrives  at  0°,  and  a  catch  permits  the  spiral  spring  to  unwind  itself 
and  its  pin  flies  to  and  presses  against  the  thermometer  hana. 

It  must  be  observed  that  instruments  thus  constnicted  are  not  capable  of  mark- 
ing every  possible  gradation ;  but  the^  ma^  be  made  to  indicate  divisions  of  the 
scale  of  any  required  minuteness.  It  is  advisable  to  limit  the  extent  of  the  sode 
when  more  minute  divisions  are  deemed  neces^Muy, 
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The  only  circumstance  that  can  affect  the  accuracy  of  the  indications  of  the  in- 
strument IS  this.  The  pin  pressing  against  the  thenqometric  index  displaces  it  a 
little,  and  causes  It  to  assume  a  position  about  a  denee  in  advance ;  but  as  this 
pressure  is  a  constant  one,  the  inconyenience  is  remedied  by  a  slight  coxresponding 
shifting  of  the  scale. 


Elbctkicity,  Magnetism. 


On  the  Electric  Indtiction  of  Mr.  Hooper^ s  Insulated  Wires,  compared  with 
Chitta-Percha  Insulated    Wires,  for   Telegraphic   Cables,      By  William 

HOOPEB. 

The  author  referred  to  the  relation  existing  between  the  different  properties  of 
insulated  wires  arising  from  induction.  lie  showed  by  an  extensive  series  of  ex- 
periments that  an  intimate  connexion  exists  between  the  effects  of  electrification 
and  electrostatic  induction,  and  that  the  penetration  of  electricity  into  the  substance 
of  an  insulator,  when  measured  by  the  residual  discharge,  is  a  function  of  the  electro- 
static cajpacitj,  and  not  simply  of  resistance.  He  has  also  shown  that  the  effects 
of  electnlication  are  increased  nearly  in  the  same  proportion  as  the  interior  induc- 
tive action  is  reduced. 

♦ 

On  a  new  form  of  Dynamo- Magnetic  MacJiine, 
By  William  Ladd,  F,KA,S. 

Siemens  and  Wheatstone  have  shown  that  the  residual  magnetism  left  in  soft 
iron,  after  being  under  the  influence  of  a  batteiy,  or  permanent  steel  magnets,  can 
be  augmented  m>m  the  currents  generated  by  itselfl  by  merely  applying  dynamic 
force  to  the  revolving  armature  containing  a  coil  oi  copper  wire,  the  termmals  of 
which  are  connected  with  the  wire  surrounding  the  electroma^et,  but  although 
great  effects  were  produced  in  the  electromaffnet,  the  current  itself  could  only  De 
made  available  by  its  partial  or  total  disruption — in  the  former  case  diminisning 
the  power  of  the  electromagnet,  and  in  the  latter  reducing  it  to  its  normal  condition. 
The  author  has  constructed  a  machine,  in  which  the  power  of  the  electromagnet  is 
kept  up,  whilst  a  separate  current,  to  be  applied  to  any  useful  purpose,  can  be  drawn 
off  by  means  of  an  independent  arrangement.  The  machine  consists  chiefly  of  two 
plates  of  iron ;  to  both  ends  of  each  plate  is  flxed  a  portion  of  a  hollow  cylinder ; 
these  plates  are  then  placed  a  certain  aistance  apart,  and  insulated  from  eacn  other, 
in  sucn  a  manner  that  the  cylindrical  pieces  form  two  hollow  circular  passages ;  into 
these  spaces  two  Siemens*s  armatures  are  placed. 

The  plates  are  surrounded  by  coils  of  stout  copper  wire  connected  together, 
the  two  terminals  being  brought  into  connexion  with  the  commutator  of  the 
smaller  armature,  so  that  each  change  of  polarity  in  the  armature  will  augment  the 
power  of  the  electromagnet.  When  the  machine  is  first  made,  it  is  only  reouisite 
to  pass  a  current  from  a  small  voltaic  cell  for  an  instant,  to  (rive  the  iron  a  polarity, 
it  will  then  retain  a  suflicient  amount  of  ma^etism  for  all  mture  work. 

If  the  armature  in  connexion  with  the  electromagnet  is  made  to  rotate,  there 
will  be  a  very  feeble  current  generated  in  it ;  this,  passing  round  the  electromagnet, 
will  increase  its  power  with  every  additional  impulse.  It  will  thus  be  seen  that 
the  only  limit  to  tlie  power  of  the  machine  is  the  rapidity  with  which  the  arma- 
ture is  made  to  rotate,  which  is  entirely  dependent  on  the  amount  of  djTiamic  force 
employed;  but  the  gieat  improvement  in  this  machine  is  the  introduction  of  the 
second,  armature,  which,  although  it  takes  off  very  powerful  currents  generated  in 
its  wire  by  the  increased  magnetism,  does  not  at  all  interfere  with  the  primary 
current  of  the  electromagnet.  The  machine  exhibited  in  the  Paris  Exnibition 
measures  about  24  in.  in  length,  12  in.  in  width,  and  stands  7  in.  high,  which, 
notwithstanding  its  imperfect  proportions,  is  capable  of  keeping  56  in.  of  platinum 
wire,  "Ol  in.  diameter,  mcandoscent,  when  a  small  voltameter  wns  plared  m  circuit 
would  give  off  250  cubic  centi.iietres  of  gas  per  minute ;  and  in  connexion  with  an 
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electric  togulator  would  yield  alight  equal  to  about  35  Qrove'a  or  Bunaen's  elements, 
the  driving-power  expended  being  less  than  one  horae. 

1  haye  also  conatructed  another  form  of  machine,  on  the  same  principle  as  that 
described  aboye,  but  instead  of  having  two  independent  armatures  running  in  sepa- 
rate grooves,  they  nre  fixed  end  to  end,  so  as  to  appear  like  one  continuous  arma- 
ture, but  so  placed  with  reference  to  each  other  that  their  magnetic  axes  shall  be 
at  right  angles.  By  this  arrangement  there  is  only  otie  opening  required  for  the 
armature,  enabling  full  advantage  to  be  taken  of  the  horseshoe  form  of  electro- 
magnet. The  shoes  of  the  electromagnet  and  armatures  are  so  proportioned  1o 
each  other  that  there  is  an  actual  break  in  the  magnetic  circuit  with  reference  to 
each  armature  alternately,  but  by  their  disposdtion  at  right  angles  there  never  is  an 
actual  break  in  the  complete  magnetic  circuit ;  simply  a  shifting  occurs  of  the  prin- 
cipal portion  of  the  magnetic  force  from  one  armature  to  the  other  at  the  precise 
moment  required  to  produce  the  best  effect.  The  mechanical  advantages  to  be  ob- 
tained by  this  disposition  of  parts  must  be  at  once  obvious,  as  one  pair  of  ^^earinga 
and  a  set  of  driving  gear  are  dispensed  with,  and  fi'om  the  fixing  oi  the  two  arma- 
tures together  the  currents  are  made  to  flow  perfectly  isochronous  with  each  other. 
It  may  be  found  advantageous  to  vary  the  angle  of  position  of  the  armatures  witli 
reference  to  each  other,  according  to  the  speed  at  whicli  they  are  driven,  so  that  the 
current  given  off  by  the  exciting  armature  may  at  the  precise  moment  exert  its  full 
effect  upon  the  electromagnet,  and  thus  produce  the  best  effect  in  the  second  ar- 
mature.   

On  a  Magneto^Eleciric  Machine,     By  William  Ladd,  FJi,A,S, 


On  the  Phenomena  which  occur  wJien  Slaf/netized  Steel  is  dissolved  in  Acids, 

By  Dr.  T.  L.  Pnipso:?. 


Notice  of  a  proposal  to  illaniinate  Beacons  and  Buoys  hy  Electricity,  conveyed 
through  Submarine  Wires  connected  with  the  Shore,  By  T.  Stevenson, 
F.B^,E,y  M,I,C,E.  With  a  description  of  the  IndvLction^Sparh  Apparatus 
used  for  this  purpose  in  the  first  experiments  made  for  the  Northern  Lights 
Board,  also  the  Electrical  Apparatus  recently  designed  for  the  Northern 
Lights,  hy  C.  W.  Siemens,  F,B,S, 

The  great  expense  of  such  lighthouses  as  the  Eddystone  and  Bellrock  has  rendered 
it  neceaaaiy  for  the  sailor  to  be  contented  in  many  places  of  danger  with  a  simple  bea- 
con or  floating  buoy^  which,  being  invisible  at  night,  ceases  to  be  useful  at  tlie 
very  time  of  ul  others  when  a  guide  is  most  needed.  Various  expedients  for  light- 
ing these  sea-marks,  such  as  camphine  lamps  and  phosphorescent  oils  capable  of 
emitting  a  dull  light  in  the  dark,  have  been  proposed.  In  January  1854  I  pro- 
poeed  in  Trans.  Koy .  Scot.  Soc.  Arts  to  lay  gas-pipes  between  the  shore  ana  the 
beacon  and  '^  submarine  electric  wires  for  illuminating  a  lantern  placed  in  a  beacon 
or  buoy/'  As  stated  in  that  paper,  however,  '*  I  dismissed  such  schemes  from  my 
mind ;  for  independently  of  many  other  difficulties  attending  them,  they  are  open  to 
one  ground  of  objection,  which,  at  least  in  the  present  state  of  our  knowledge, 
seems  insurmountable.  This  is  based  on  what  may  bs  called  an  axiom  in  light- 
house engineering,  viz.  that  it  is  better  to  exhibit  no  light  at  all  than  one  which 
is  liable  to  be  often  extinguished.'' 

Under  these  circumstances  I  at  that  time  suggested  an  entirely  different  method 
of  illuminating  beacons,  namely,  a  beam  of  parallel  rays  of  lignt  projected  from 
the  shore  upon  optical  agents  placed  upon  the  beacon  at  sea,  and  capable  of 
spreading  the  rays  over  any  required  angle  in  azimuth,  so  as  to  produce  a  mock  or 
apparent  light.  This  method  nas  been  in  use  at  Stomoway  Loch  without  any 
accident  or  failure  for  the  last  fifteen  years.  There  are,  however,  certain  places 
where  this  apparent  or  mock  light  is  not  very  suitable,  owing  to  the  primary  li^ht 
and  reflected  li^ht  being  nearly  in  line.  This  consideration,  coupled  with  tne  im- 
provements which  have  subsequentljr  taken  place  in  electrical  appliances,  led  me, 
m  1806,  in  a  report  to  the  Northern  Lights  Board  on  the  magneto-electric  Hght^  to 
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revert  to  my  former  proposal  of  leading  electricity  through  wires  for  the  illiimina- 
tion  of  beacons  and  buoys  at  sea. 

For  such  a  purpose  neither  Holmes*  nor  Wilde^s  light  could  be  employed^  as  they 
are  produced  by  the  rapid  consumption  of  carbons,  and  re(]^uii'o  the  employment  of 
lamp  machinery,  whicn,  though  to  a  large  extent  automatic,  iuTolves  the  constant 
presence  of  a  bghtkeeper  in  the  lantern*  I  therefore  resolved  on  employing  the 
nmjde  electric  spark,  either  by  itself  or  in  vacuum  tubes.  After  consultmg  with 
my  friend  Professor  Swan,  who  suggested  the  combination  of  the  Leyden  jar  with 
the  induction-coil;  experiments  were  made,  and  in  an  interim  communication  to 
the  Scot.  Soc.  Arts  on  loth  Jumaiy  180(3^  I  was  able  to  report  that,  "  bv  means  of 
four  Bunsen  cells,  an  induction-coil,  and  a  Leyden  jar,  I  had  succeeded  with  m 
simple  unaided  spark  placed  in  the  focus  of  lignthouse  apparatus,  to  produce  an 
eifect  at  the  distance  or  about  half  a  mile,  which  was  in  all  respects  satisfactory.*' 
The  light  might  have  been  seen  much  further  but  for  the  intervention  of  obstructions 
to  the  view. 

The  Commissioners  of  Northern  Lights,  on  the  recommendation  of  Messrs.  Ste- 
venson; in  their  report  of  1st  February  1866,  procured,  with  the  sanction  of  the 
Board  of  Trade,  a  submarine  cable  from  Messrs.  Siemens  of  London,  but  as  the 
cable  was  not  suitable  for  this  kind  of  apparatus,  the  current  could  not  be  passed 
imder  the  water.  Messrs.  Stevenson  then  reported  to  the  Board  that,  as  Mr. 
Siemens  had  thought  of  a  different  form  of  apparatus,  he  should  be  employed  to 
furnish  one.  This  beautiful  airanffement  is  now  exhibited,  and  Mr.  Siemens  has 
kindlv  sent  me  a  description  of  its  different  parts,  which  I  shidl  afterwards  read. 

While  Mr.  Siemens  was  engaged  with  this  instrument,  I  received  many  impor-. 
tant  suggestions  as  to  the  induction-spark  M;>paratus.  Mr.  Brebner,  C.E.,  sug- 
gested that  the  induction-coil  should  be  placed  on  the  beacon,  while  the  break  and 
batteries  should  be  on  the  shore.  Dr.  S.  vVright  recommended  that,  instead  of  one 
large  coU,  several  coils"  of  small  intensity  should  be  used ;  and  Mr.  Hart,  who  con- 
ducted all  the  experiments,  and  to  whose  untiring  seal  is  mainly  due  whatever 
amount  of  efficiency  the  induction-spark  apparatus  may  possess,  added  a  new  con* 
tact  breaker  with  two  magnets  and  a  double  break. 

By  means  of  these  improvements  the  light  was  kept  in  action  during  a  week  at 
the  expense  of  about  2  sniUings  for  16  hours,  with  a  current  paminp:  through  a  wire 
800  feet  lonar.  The  light  so  produced,  as  viewed  from  the  sea  and  elsewnerc,  was 
perfectly  sumcient  for  the  purpose  i^uired.  It  may  be  added,  that  of  all  the 
metals  which  I  have  tried  a  wire  of  bismuth  produced  the  brightest  spark.  The 
eSkct  might,  perhaps,  be  also  increased  without  using  additional  cells,  if  the  same 
currents  could  be  again  utilized  so  as  to  generate  a  second  spark  in  the  focus. 

There  can  be  no  doubt  that  a  sufficient  light  can  be  obtained  either  fVom  the 
induction-spark  or  from  the  arrangement  of  Mr.  Siemens,  to  be  afterwards  described. 
Beacon  lights,  which  are  needed  for  pointing  out  local  dangers,  do  not,  of  course, 
require  to  be  of  the  great  power  which  is  needed  in  lighthouses  for  illuminating 
the  ocean.  In  determining  which  of  the  two  kinds  of  apparatus  should  be  pre- 
ferred, the  point  turns  upon  which  is  likely  to  be  the  most  certain  In  its  exhibition. 
Each  method  has  its  own  peculiar  advantages  and  disadvantages.  In  the  induc- 
tion-spark apparatus  the  contact  breaker  is  on  the  shore  and  under  control,  but,  on 
the  otner  hand,  the  coils  may  perhaps  not  last  long.  In  Mr.  Siemens^s  apparatus  the 
products  of  combustion  may  perhaps  affect  the  efficiency  of  the  optical  apparatus, 
and  the  moving  parts  are  at  sea  and  beyond  control.  'Nothing  but  a  continuous 
trial  for  some  length  of  time  can  determine  which  is  the  preferable.  It  is  to  be 
hoped  that  one  or  other  may  prove  suitable,  for  the  conveyance  of  electricity  from 
the  shore  to  outlying  rocks  promises  to  form  a  new  and  most  important  era  in 
maritime  illumination.  The  time,  indeed,  may  not  be  far  distant  when  such  a 
navigation  as  the  entrance  to  Liverpool  will  be  as  clearly  defined  at  night  as  in  the 
daytmio,  by  the  illumination  of  its  beacons  and  buoys  by  electricity. 

Mr.  Sienxen8*8  apparatus  was  worked  by  twenty  cells,  while  the  induction-spark 
had  only  six,  but  wnen  fully  equipped,  it  will  be  worked  by  eighteen  cells.  Each 
apparatus  was  shown  in  the  focus  of  a  Ilolophote,  the  former  producing  the  most 
powerful  flash* 
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Mr.  C.  W.  Siemens.  F.R.S.J  of  London,  baying  been  asked  by  Mesfin.  Steyenaon 
for  suggestions  as  to  the  best  means  to  be  adopted  for  carrying  out  Mr.  T.  Steyenson's 
proposal  for  producing  a  flashing  light  upon  a  beacon,  by  means  of  a  land  batteiy 
connected  to  the  beacon  through  a  submarine  cable,  embodied  his  yiews  in  a  letter 
addressed  by  him  to  Messrs.  Steyenson  on  the  Ist  October  1866.  After  reyiewing 
tJie  objections  to  other  methods,  he  recommended  the  application  of  the  extra* 
current  together  with  a  self-feeding  mercury  contact,  as  the  only  practical  method 
in  which  me  flash  is  not  destroyed  by  electric  charge  of  the  connecting  cable.  Mr. 
Siemens  haying  been  authorized  ^by  the  Northern  Light  Commissioners  to  con- 
struct an  apparatus  in  accordance  with  his  yiews^  has  submitted  the  same  to  a  sue- 
cessful  trial. 

The  apparatus  upon  the  beacon  or  buoy  consists  of  a  heayy  electromagnet,  the 
coils  of  which  are  permanently  connected  yirith  the  conducting  wire  of  the  cable  on 
the  one  hand,  and  ynth  a  contact  leyer  on  the  other  hand,  which  contact  leyer  is 
actuated  by  the  armature  of  the  electromagnet  in  the  manner  of  a  nefts  hammer. 
The  circuit  ynth  the  batteiy  (consisting  of  from  ten  to  twenty  Bunsen^s  elements) 
on  land  is  completed  through  the  sea.  When  the  current  has  had  time  to  excite  the 
electromagnet  sufliciently  for  it  to  attract  its  heayy  armature,  the  motion  of  the 
latter  breaks  the  circuit,  which  breakage  is  accompanied  with  a  spark  proportionate 
to  the  accumulated  magnetism,  and  in  some  measure  also  to  the  capacity  of  the 
cable,  which  in  this  apparatus  does  not  destroy,  but  rather  assists  the  effect.  The 
luminous  effect  is  increased  by  a  slight  combustion  of  mercuiy,  which  latteor  is  con- 
tinually renewed  by  a  circulating  pump  worked  by  the  armature,  by  which  ar- 
rangement a  good  and  permanent  contact  is  ensured. 

On  a  Self-acting  Electrostatic  Accumtdator. 
By  Sir  W.  Thomson,  LL.D.,  F.RJ3. 

The  apparatus  described  in  a  recent  communication  to  the  Royal  Society,  en- 
titled ''On  a  Self-acting  Apparatus  for  multiplying  and  maintaining  Electric  Charges, 
with  applications  to  illustrate  the  Voltaic  Theory,*'  was  exhibited  in  action.  Ik>th 
Leaden  jars  being  at  first  discharged  as  completely  as  could  be  done  by  keeping 
their  outer  and  inner  coatings  connected  for  several  days,  they  became  chaiged, 
one  positiyely  and  the  other  negatively,  through  the  action  of  the  drops  of  water, 
to  such  a  degree,  in  the  course  of  a  few  minutes,  as  to  cause  the  jets  of  water  to 
scatter  over  the  lips  of  the  receivers.  The  jars  were  afterwards  repeatedly  dis- 
charged, and  the  rapid  reaccumulation  of  charges  was  shown  to  the  Meeting  by 
the  scattering  of  the  jets,  by  electroscopic  tests,  and  by  sparks  drawn  from  the  in- 
sulated conductors.  

On  a  Series  of  Electrometers  for  Comparable  Measurements  through  Great 

Mange,    By  Sir  W.  Thomson,  LL.D.,  F,B.S. 

These  instruments,  which  were  refeired  to  in  Mr.  Jenkin*s  Report  of  the  Stand- 
ards of  Electrical  Units  Committee,  were  exhibited  to  the  Section,  and  some  of 
them  shown  in  action.  A  description  of  them,  with  drawings,  will  appear  in  an 
appendix  to  that  Report.  ^  

On  a  Uniform- Electric- Current  Accumulator, 
By  Sir  W.  Thomson,  LL.D,,  FM.S. 

Conceive  a  closed  circuit,  CTABC,  according  to  the  following  description : — One 
portion  of  it,  TA,  tangential  to  a  circular  disk  of  conducting  material  and  somewhat 
longer  than  the  radius ;  the  continuation,  AB,  at  right  angles  to  this  in  the  plane 
of  &e  wheel,  of  a  length  equal  to  the  radius ;  and  the  completion  of  the  circuit 
by  a  fork,  BC,  extending  to  an  axle  bearing  the  wheeL  If  all  of  the  wheel  were 
cut  away  except  a  poilion,  CT,  from  the  axle  to  the  point  of  contact,  at  the  cir- 
cumference, the  circuit  would  form  a  simple  rectangle,  CTAB,  except  the  bifurca- 
tion of  the  side  BC.  Let  a  fixed  magnet  be  placed  so  as  to  give  lines  of  force 
perpendicular  to  the  wheel,  in  the  parts  of  it  between  C  the  centre  and  T  the  point 
of  tne  circumference  touched  by  the  fixed  conductor  ^  and  let  power  be  applied  to 
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cause  the  wheel  to  rotate  in  the  direction  towards  A.    According  to  Faraday's 
well-known  discoyery,  a  current  is  induced  in  the  circuit  in  such  a  direction  that 
the  mutual  electromagnetic  action  between  it  and  the  fixed  magnet  resists  the 
motion  of  the  wheel.    Now  the  mutual  electromagnetic  force  between  the  por- 
tions AB  and  CT  of  the  circuit  is  repulsiye,  according  to  the  well-known  elementary 
law  of  Amp^re^  and  therefore  resists  the  actual  motion  of  the  wheel ;  hence  if 
the  magnet  be  remoyed  there  will  still  be  electromagnetic  induction  tending  to 
maintain  the  current.     Let  us  suppose  the  velocity  of  the  wheel  to  have  been  at 
first  no  greater  than  that  practically  attained  in  ordinary  experiments  with  Barlow's 
electroma^etic  disk.     As  the  magnet  is  gradually  withdrawn  let  the  velocity  be 
gradually  mcreased,  so  as  to  keep  the  strength  of  tne  current  constant;  and,  when 
the  magnet  is  quite  away^  to  maintain  the  current  solely  by  electromagnetic  in- 
duction between  the  fixed  and  moveable  portions  of  the  circuit.     If;  when  the 
magnet  is  away,  the  wheel  be  forced  to  rotate  faster  than  the  limiting  velocity  of 
our  previous  supposition,  the  current  will  be  augmented  according  to  the  law  of 
compound  interest,  and  would  go  on  thus  increasing  without  limit  were  it  not 
that  the  resistance  of  the  circuit  would  become  greater  in  virtue  of  the  elevation  of 
temperature  produced  by  the  current.    The  velocity  of  rotation^  which  gives  by 
induction  an  electromotive  force  exactly  to  that  reqidred  to  maintain  the  current, 
is  clearly  independent  of  the  stren^h  of  the  current.    The  mathematical  deter- 
mination of  it  becomes  complicated  by  the  necessity  of  taking  into  account  the 
difiusion  of  the  current  through  portions  of  the  disk  not  in  the  straight  line  between 
C  and  T ;  but  it  is  very  simple  and  easy  if  we  prevent  this  difiusion  by  cutting  the 
wheel  into  an  infinite  number  of  infimtely  thm  spokes,  a  great  numoer  of  which 
are  to  be  simultaneously  in  contact  with  the  fixed  conductor  at  T.    The  linear 
velocity  of  the  circumference  of  the  wheel  in  the  limiting  case  bears  to  the  velocity 
which  measures,  in  absolute  measure,  the  resistance  of  the  circuit,  a  ratio  (deter- 
minable by  the  solution  of  the  mathematical  problem^  which  depends  on  the  pro- 
portions of  the  rectangle  CTAB,  and  is  independent  oi  its  absolute  dimensions. 

Lastly,  suppose  the  wheel  to  be  kept  rotating  at  any  constant  velocity,  whether 
above  or  below  the  velocity  determined  by  the  preceding  considerations ;  and  sup- 
pose the  current  to  be  temporarily  excited  in  any  way,  for  instance,  bjr  bringing  a 
magnet  into  the  neighbourhood  and  then  withdrawing  it;  tlya  strength  oi  this  current 
will  diminish  towards  zero  or  will  increase  towards  infinity,  according  as  the  velo- 
city is  below  or  above  the  critical  velocity.  The  diminution  or  augmentation 
woidd  follow  the  compound  intercHt  law  if  the  resistance  in  the  circuit  remained 
constant.  The  conclusion  presents  us  with  this  wonderful  result:  that  if  we 
commence  with  absolutely  no  electric  current,  and  give  the  wheel  any  velocity  of 
rotation  exceeding  the  critical  velocity,  the  electric  equilibrium  is  unstable :  an 
infinitesimal  current  in  either  direction  would  augment  until  by  heating  the  cir- 
cuit, the  electric  resistance  becomes  increased  to  such  an  extent,  that  the  electro- 
motive force  of  induction  just  sufiices  to  keep  the  current  constant 

It  will  be  difficult,  perhaps  impossible,  to  realize  this  result  in  practice,  because 
of  the  great  velocity  required,  ana  the  difficulty  of  maintaining  good  frictional  con- 
tact at  the  circumference,  without  enormous  triction,  and  consequently  fiictional 
generation  of  heat. 

The  electromagnetic  augmentation  and  maintenance  of  a  curi*ent  discovered  by 
Siemens,  and  put  in  practice  by  him,  with  the  aid  of  soft  iion,  and  proved  by 
Maxwell  to  be  theoretically  possible  without  soft  iron,  suggested  the  subject  of 
this  communication  to  the  author,  and  led  him  to  endeavour  to  arrive  at  a  similar 
result  with  only  a  single  circuit,  and  no  making  and  breaking  of  contacts ;  and  it  is 
only  these  characteristics  that  constitute  the  peculiarity  of  tne  arrangement  which 
he  now  describes. 

On  Volta- Convection  hy  Flame,     By  Sir  W.  Thomson,  LL,D,,  F,R,S, 

In  Nichols'  Cyclopedia  (2nd  edition),  article  "  Electricit)',  Atmospheric,"  and  in 
the  Proceedings  of  the  Royal  Society,  May  1860  (l^ecture  on  Atmospheric  Elec- 
tricity^, the  author  had  pointed  out  that  the  efiect  of  the  fiame  in  an  insulated 
lamp,  18  to  reduce  the  lamp  and  other  conducting  material  connected  with  it  to  the 
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same  potential  as  that  of  the  air  in  the  neighbourhood  of  the  flame ;  and  that  the 
eil'ect  of  a  fine  jet  of  water  from  an  insulated  vessel,  is  to  bring  the  vessel  and 
other  conducting  material  connected  with  it  to  ,the  same  potential  as  that  of  the 
air,  at  the  point  where  the  iet  breaks  into  drops.  In  a  recent  communication  to 
the  Royal  Society  **  On  a  Self-acting  Apparatus  for  multiplying  and  maintaining 
Electric  Charges,  with  applications  to  illustrate  the  Voltaic  Theoxr^''  an  experi- 
ment was  described  in  which  a  water-dropping  apparatus  was  employed  to  prove 
the  difference  of  potential  in  the  air,  in  the  neighoourhood  of  bright  metaUic  sur- 
faces of  zinc  and  copper,  metallically  connected  with  one  another,  which  is  to  be 
expected  from  Volta  s  discovery  of  contact  electricity.  In  the  present  communi- 
cation a  similar  experiment  was  described,  in  which  the  flame  of  a  spirit  lamp  was 
used  instead  of  a  jet  of  water  breaking  into  drops. 

A  spirit  lamp  is  placed  on  an  insulated  stand  connected  with  a  very  delicate 
electrometer.  Copper  and  zinc  cylinders,  in  metallic  connexion  with  the  metal 
case  of  the  electrometer,  are  alternately  held  vertically  in  such  a  position  that  the 
flame  bums  nearly  in  the  centre  of  the  cylinder,  which  is  open  at  both  endsw  If 
the  electrometer  reading,  with  the  copper  cylinder  surrounding  the  flame,  is  called 
zero,  the  reading  observed  with  the  zmc  cylinder  surrounding  the  flame  indicates 
positive  electrification  of  the  insulated  stand  bearing  the  lamp. 

It  is  to  be  remarked  that  the  different  methods  here  followed  eliminate  the 
ambiguity  involved  in  what  is  meant  by  the  potential  of  a  conducting  system 
composed  partly  of  flame  (alcohol)  and  partly  of  metal.  In  a  merely  illustrative 
experiment,  which  the  author  has  already  macle,  the  amount  of  diflerence  made  by 
euDstituting  the  zinc  cylinder  for  the  copper  cylinder  round  the  flame,  was  rather 
more  than  half  the  difference  of  potential  maintained  by  a  single  cell  of  Darnell's. 
Thus,  when  the  sensibility  of  the  quadrant  divided-ring  electrometer  *  was  such 
that  a  single  cell  of  DanielFs  gave  a  deflection  of  79  scale-divisions,  the  diflerence 
of  the  reading,  when  the  zinc  cylinder  was  substituted  for  the  copper  cylinder  round 
the  insulated  lamp,  was  39  scale-divisions.  From  other  experiments  on  contact 
electricity  made  seven  years  ago  by  the  author,  and  agreeing  with  results  which 
have  been  pubfished  by  Hankel,  it  appears  that  the  diflerence  of  potentials  in  the 
air,  in  the  neighbourhood  of  bright  metallic  surfaces  of  zinc  and  copper  in  metallic 
connexion  with  one  another,  is  about  three-quarters  of  that'  of  a  single  cell  of 
Daniell's.  It  is  auite  certain  that  the  difference  produced  in  the  metal  connected 
with  the  insulated  lamp,  would  be  exactly  equal  to  the  true  contact  diflerence  of 
the  metals,  if  the  interior  surfaces  of  the  metal  cylinders  were  perfectly  metallic 
(fi'ee  from  oxidation  or  any  other  tarnishing,  such  as  by  sulphur,  iodine,  or  any  other 
body) ;  provided  the  distance  of  the  inner  surface  of  the  cylinder  from  the  name  is 
everywhere  sufiicient  to  prevent  conduction  by  heated  air  between  them,  and  pro- 
vided the  len^h  of  the  cylinder  is  infinite  (or,  practically,  anything  more  than  thiee 
or  four  times  its  diameter). 

The  author  hopes  before  long  to  be  able  to  publish  a  complete  account  of  his 
old  experiments  on  contact  electricity,  of  which  a  slight  notice  appeared  in  the 
Proceedings  of  the  Literary  and  Philosophical  Society  of  Manchester. 

On  Electric  Machines  founded  on  Induction  and  Convection, 
By  Sir  W.  Thomson,  LL.D.,  F.R.S. 

To  facilitate  the  application  of  an  instrument  for  recording  the  sisals  of  the 
Atlantic  cable,  recently  patented  by  Sir  W.  Thomson,  a  small  electric  machine 
running  easily  enough  to  be  driven  by  the  wheelwork  of  an  ordinary  Morse  instru- 
ment was  desired ;  and  he  therefore  designed  a  combination  of  the  electrophorus 
principle^  with  the  system  of  reciprocal  induction  described  by  him  in  a  recent 
communication  to  the  Royal  Society  (Proceedings,  June  1867),  which  may  be 
briefly  described  as  follows : — 

A  wheel  of  vulcanite  with  a  large  number  of  pieces  of  metal  (called  carriers,  for 
brevity)  attached  to  its  rim,  is  kept  rotating  rapidly  round  a  fixed  axis.  The  car- 
riers are  very  lightly  touched  at  opposite  ends  of  a  diameter  by  two  fixed  tangent 
springs.    One  of  these  springs  (the  earth-spring)  is  connected  with  the  earth,  and 

*  See  Froeeediiigs  of  Royal  Society,  June  20,  1867. 
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the  other  (the  receiyer-sprinff)  with  an  insulated  piece  of  metal  called  the  receiver, 
which  is  analogous  to  tne  "prime  conductor "  of  an  ordinary  electric  machine. 
The  point  of  contact  of  the  earth-spring  with  the  carriers  is  exposed  to  the  in- 
fluence of  an  electrified  body  (generally  an  insulated  piece  of  metal)  called  the  in- 
ductor. When  this  is  negatively  electnfied^  each  earner  comes  away  from  contact 
with  the  earth-spring,  carrying  positive  electricity,  which  it  gives  up  to  the  re- 
ceiver-spring. The  receiver  and  inductor  are  each  hollowed  out  to  a  proper  shape, 
and  are  properly  placed  to  surround,  each  as  nearly  as  may  be,  the  pomt  of  contact 
of  the  corresponding  spring. 

The  inductor,  for  the  good  working  of  the  machine,  should  be  kept  electrified  to 
a  constant  potential.  This  is  efiected  by  an  adjunct  called  the  replenisher,  which 
may  be  applied  to  the  main  wheel,  but  which,  tor  a  large  instrument,  ought  to  be 
worked  by  a  much  smaller  carrier- wheel,  attached  either  to  the  same  or  to  another 
turning  shaft. 

The  replenisher  consists  chiefly  of  two  properly  shaped  pieces  of  metal  called 
inductors,  which  are  fixed  in  the  neighbourhood  of  a  earner-wheel,  such  as  that 
described  above,  and  four  fixed  springs  touching  the  carriers  at  the  ends  of  two 
diameters.  Two  of  these  springs  (called  receiver-springs)  are  connected  respectively 
with  the  inductors ;  and  the  other  two  (called  coimectin^  springs)  are  msulated 
and  connected  with  one  another.  They  are  so  situated  that  they  are  touched  by 
the  carriers  on  emerging  from  the  inductors,  and  shortly  after  the  contacts  v^th  the 
receiver-springs.  If  any  difference  of  potential  between  the  inductors  is  given  to 
begin  with,  the  action  of  the  carriers,  as  is  easily  seen,  increases  it  according  to  the 
compound  interest  law  as  long  as  the  insulation  is  perfect.  Practically,  in  a  few 
seconds  after  the  machine  is  started  running,  bright  flashes  and  sparks  begin  to 
fly  about  in  various  parts  of  the  apparatus,  even  although  the  inductors  and  con^ 
nectors  have  been  kept  for  days  as  carefully  discharged  as  possible.  The  only  in- 
strument yet  made  is  a  very  small  one  (with  carrier-wheel  two  inches  in  diameter) 
constructed  for  the  Atlantic  Telegraph  application ;  but  its  action  has  been  so 
startlingly  successful  that  great  effects  may  oe  expected  finom  larger  machines  on 
the  same  plan. 

When  this  instrument  is  used  to  replenish  the  charge  of  the  inductor  in  the 
constant  electric  machine,  described  above,  one  of  its  inductors  is  connected 
with  the  earth  and  the  other  with  the  inductor  to  be  replenished.  When  accurate 
constancy  is  desired,  a  gauge-electroscope  is  applied  to  break  and  make  contact 
between  the  connector  springs  of  the  replenisher  when  the  potential  to  be  main- 
tained rises  above  or  falls  below  a  certain  limit. 

Several  useful'applications  of  the  replenisher  for  scientific  observation  were  shown ; 
among  others,  to  Keep  up  the  charge  m  the  Leyden  jar  for  the  divided-ring  mirror- 
electrometer,  especially  when  this  instrument  is  used  for  recording  atmospheric 
electrici^.  A  small  replenisher,  attached  to  the  instrument  within  the  jar,  is 
worked  oy  a  little  milled  head  on  the  outside^  a  few  turns  of  which  sufiice  to  re- 
plenish the  loss  of  twenty-four  hours. 


Meteorology. 

Notice  respect inff  a  Haystctclc  struck  by  Lightning, 
By  Sir  David  Brewstee,  K.H.,  LL.D,y  F,E,S. 

The  author  gave  an  account  of  the  production  of  a  substance  foimd  at  the  bottom 
of  a  circular  passage  made  by  a  lightning  stroke  in  a  stack  of  hay  at  Dun  in  For- 
farshire in  1827.  The  specimen,  which  was  produced  from  the  silex  in  the  hay. 
had  a  greenish  tinge,  andjcontained  portions  or  burnt  hay.  It  has  been  deposited 
in  the  Museum  of  St  Andrews. 


Observation  of  the  EainfaU  at  Arbroath.     By  Alexander  Brown. 
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A  Comparison  of  the  Kew  and  Lisbon  Magnetic  Curves  during  the  Disturbance 
of  February  20-25,  1866.  Bg  Senhor  Capello.  Communicated  by  Dr. 
Balfour  Stewart,  F,R.S, 

During  the  20th,  2l8t,  22nd,  23rd,  24th,  and  25th  of  February  1806,  large  mag- 
netic disturbances  were  recorded  hj  the  magnetographs  at  the  Lisbon  Observatory. 
The  present  communication,  relative  to  these  disturbances,  oifers  some  interest  on 
account  of  the  apparent  variability  of  the  forces  which  are  in  action  during  the 
same  disturbance,  and  also  the  apparently  variable  relations  between  these  forces 
at  Lisbon  and  the  same  forces  at  Kew.  in  a  former  comparison  certain  laws  were 
deduced,  and  it  was  interesting  to  know  if  they  were  confirmed. 


On  the  Results  of  Observations  of  Atmospheric  Electricity  at  Kew  Observatory 
and  at  Windsor,  Nova  Scotia,     By  Dr.  J.  D.  Everett. 

The  Kew  observations  included  in  this  paper  extended  from  June  1802  to  May 
18(J4  inclusive,  and  were  taken  with  Sir  William  Thomson's  self-recordiner  appa- 
ratus ;  specimens  of  the  photographic  curves  thus  taken  being  exhibited  at  the 
Meeting.  The  Windsor  observations  taken  by  Dr.  Everett  with  apparatus  of  a 
different  kind,  also  invented  by  Sir  William  Thomson,  but  not  self-recording,  ex- 
tended from  October  1802  to  August  1804.  Monthly  averages  which  had  been 
taken  showed  that  at  Kew  there  had  in  every  month  been  two  maxima  in  the  day, 
one  of  them  between  eight  and  ten  a.m.,  and  the  other,  which  was  more  conside- 
rable, between  eight  and  ten  p.m.  At  W^indsor,  on  the  contrary,  the  electricity 
between  eight  and  ten  p.m.  had  in  every  month  been  weaker  than  either  between 
eight  and  ten  a.m.  or  between  two  and  three  p.m.  The  annual  curve  for  Kew  had 
its  principal  maximum  in  November,  and  another  in  February  or  March.  At 
Windsor  the  principal  maximum  was  in  February  or  March,  and  the  minima  in 
June  and  November.  The  annual  curves  for  the  two  places  agreed  prettv  well 
from  January  to  October,  but  were  curved  in  opposite  directions  from  October  to 
January.  

On  the  Meteor  Shower  of  August  1867.     By  Geoeob  Forbes. 
Communicated  by  Professor  Swan,  F,R,S,E. 

The  author  gave  the  results  of  certain  observations  made  by  him  at  St. 
Andrews  on  the  meteor  shower  of  August  1807.  The  nights  following  the  9th, 
10th,  and  11th  of  the  month  were  very  cloudy,  and  no  observations  could  be  made. 
Most  of  the  observations  were  made  on  the  evening  of  the  10th  and  morning  of 
the  11th.  But  even  on  this  night  a  faint  haze  for  the  most  part  covered  the  sky. 
The  meteors  were  almost  all  of  the  same  size  as  stars  of  the  Srd  or  4th  magnitude. 
They  were,  with  few  exceptions,  white.  They  lasted  in  general  only  about  half  a 
second.  They  were  very  rapid  in  their  flight.  One  coul^  hardly  distinguish  any 
nucleus. ,  The  train  was  visible,  after  its  &rmation,  only  for  a  very  smaU  fraction 
of  a  second  ;  and  breaks  in  their  tracks  of  about  1°  were  fivquintly  noticed.  The 
lengths  of  their  paths  extended  from  3°  to  15°,  though  in  some  cases  they  were  30° 
in  length.  Attention  was  chiefly  directed  to  discovering  the  points  of  radiation, 
and  to  noting  the  times  of  appearance. 

The  Radiant- PoitUs. — It  waa  soon  seen  that  there  were  two  distinct  radiant- 
points  ;  the  one  in  the  region  jof  Casseiopeia,  the  other  about  Andromeda.  By 
drawing  on  the  spot  the  courses  of  the  meteors  among  the  stars,  the  points  of  radia- 
tion were  marked  on  a  map,  and  were  found  to  lie  as  follows : — ^That  in  Casseio- 
peia had  for  its  right  ascension  2*»  43™,  and  for  its  north  polar  distance  2S9°  30*. 
The  other  was  in  the  constellation  Pisces,  and  its  position  was  R.A.=0*'  40", 
N.P.D.  =  e7°. 

The  numbers  of  Shooting-stars. — The  numbers  of  those  which  came  from  the 
Casseiopeian  and  Piscian  poups,  and  also  of  the  unconformable  meteors,  were  all 
separated,  and  are  shown  m  the  following  Table. 
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Time  of  appearance. 

From  Cas- 
sciopeia. 

From 
Pisces. 

Uncon- 
formable. 

Total 
numbers. 

h   m        h    m 
From  10  30  to  10  45 
„     10  45  „  11    0 
„     11  30  „  11  45 
„     11  45  „  12    0 
„     12    0  „  12  15 
„     12  15  „  12  30 
„     12  30  „  12  45 
„     12  45  „    10 
„       115,,    116 
„      1  15  „    1  30 
„      1  30  „    1  45 
„      1  45  „    2    0 
„      2  15  „    2  30 
„      2  30  „    2  45 

4 
6 
5 
6 
3 
5 
0 
5 
5 
14 
-6 
4 
1 
2 

•  • 

•  • 

•  • 

•  • 

1 

•  • 

•  • 

2 
2 
.     6 
5 
4 
1 
0 

0 
0 

1 
1 
1 

0 
0 
0 
0 
0 
0 

1 

0 
2 

4 
5 
6 
6 
5 
5 
6 
7 
7 
20 
11 
9 
2 
4 

Total    

70 

21 

0 

97 

The  position  of  the  observer  was  not  such  as  to  see  at  all  well  those  coming  from 
Piftces  till  12»»  45'». 

The  night  of  August  11  and  the  morning  of  August  12  were  cloudy,  but  the 
positions  and  directions  of  flight  of  about  a  dozen  shooting-stars  were  determined, 
rrom  which  it  appeared  that  the  radiant-point  was  in  Ca9?*eiopeia,  but  that  it  was 
not  so  distinctly  marked  as  on  the  previous  night,  and  seemed  to  lie  nearer  to 
y  CasseiopeisQ  *.  

On  the  Gales  and  Hurricanes  of  the  Indian  Ocean  South  of  tlie  Equator. 

By  Charles  Meldrum,  M,A, 
The  author  stated  that  by  means  of  the  log-books  of  vessels  visiting  the  harbour  of 
Port  Louis,  the  Meteorological  Societv  of  Mauritius,  since  its  formation  in  1851,  had 
been  collecting  meteorological  statistics  of  the  Indian  Ocean  in  the  form  of  a  journal 
^howinsf  the  state  of  the  winds,  weather,  and  sea,  on  every  day.  The  total  number  of 
days*  ooservations  tabulated  in  chronological  order  down  to  the  31st  of  December, 
1805,  is  170,000,  and  in  some  years  the  daily  average  is  from  70  to  80  observations  of 
twenty-four  hours  each.  Since  1853  a  considerable  number  of  Svnoptic  Charts  (up- 
wards of  600)  have  been  constructed,  and  it  is  proposed  to  publish  a  series  of  such 
charts,  showing  the  state  of  the  winds  and  weather  over  the  Indian  Ocean  at  noon 
on  each  day  for  a  period  of  one  year.  In  addition  to  these  tabulated  observations, 
a  mass  of  information  has  been  collected  regarding  the  gales  which  have  occurred 
in  the  Indian  Ocean,  many  of  which  have  been  described  in  the  Society's  Transac- 
tions. Aj8  Secretary  to  the  Societv,  the  author  had  opportimities  of  studying  these 
gales,  and  being  now  in  this  country  he  begged  penmssion  to  communicate  some  of 
the  results  of  his  investigations. 

The  gales  and  hurricanes  of  the  Indian  Ocean  South  of  the  Equator  mav  be  thus 
classified  : — 1st,  trade- wind  gales,  in  which  the  wind  veers  little ;  2nd,  tke  extra- 
tropical  gales,  between  the  pawdlels  of  30°  and  45°  S.,  in  which  the  wind  generally 
veers  or  shifts ;  and  3rd,  the  tropical  hurricanes,  in  which  the  wind  always  veers 
or  shifts. 

1.  The  trade-wind  gales  occur  in  all  seasons,  but  chiefly  in  the  winter  months  of 
June,  July,  and  August,  when  the  S.  VV.  monsoon  prevafls  north  of  the  equator, 
and  the  S.E.  trade- wind  acquires  additional  strength  from  the  demand  made  upon 
it  to  supply  the  monsoon,  the  two  winds  being  apparently  one  system  under  the 

*  A  change  in  the  position  of  the  radiant  point  of  the  August  shower  on  different  nights 
has  long  been  suspected.  See  Professor  Twming's  remarks  in  the  American  Journal  of 
Science,  2nd  series,  vol.  xxxii.  p.  444,  and  vol.  xxxvi.  p.  305.  It  is  to  be  regretted  that  the 
cloudy  state  of  the  weather  at  St.  Andrews  prevented  the  settlement  of  this  question  ; 
but  probably  some  other  observer  has  been  more  fortunate. 
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influence  of  the  earth's  rotation  and  the  high  temperature  which  prevails  in  the 
northern  hemisphere.  At  Mauritius  these  gales  are  characterised  by  a  barometric 
pressure  of  30-200  to  30-400  inches.  The  wind  sets  in  at  South  to  S.S.E.,  and 
seldom  veers  more  than  a  point  or  two,  the  barometer  at  times  oscillating  during 
the  height  of  the  gale,  which  is  sometimes  attended  with  passing  showers,  but 
never  with  heavy  rain,  thunder,  or  lightning.  Generally  the  ^le  commences  in 
about  30^  S.,  ana  advances  towards  the  equator,  like  an  extensive  wave  or  billow, 
the  barometer  rising  at  each  successive  locality  some  time  before  the  wind  acquires 
much  force.  It  is  preceded  by  a  heavy  sea,  which  occasionally  proves  dangerous 
near  the  equator.  It  lasts  from  one  to  ten  days,  and  blows  in  fitful  gusts,  which 
at  Mauritius  have  usually  a  pressure  of  1  to  10  Ids.  on  the  square  foot,  and  at  times 
of  10  to  20  lbs.  Owing  to  tne  frequency  of  these  gales  the  mean  daoly  maximum 
force  of  the  wind  at  Mauritius  is  neater  in  winter  than  in  summer. 

2.  The  extra-tropical  ^es,  between  the  parallels  of  30°  and  45^  S.,  also 
occur  in  all  seasons,  but  are  most  violent  from  May  to  August  inclusive.  These 
sales  are  generally  characterised  by  the  presence  of  two  currents  of  air,  the  one 
from  the  southward,  and  the  other  from  the  northward,  the  two  currents  being 
variously  situated  with  respect  to  each  other.  At  times  thev  exist  side  by  side,  as 
surface-winds,  the  one  from  the  S.W.,  and  the  other  from  tne  N.E.,  eacli  occupy- 
ing a  belt  of  5°  to  30°  in  longitude,  stretching  from  the  parallel  of  30°  S.  as  far  south 
as  the  observations  extend,  viz.  45°  S.  In  the  narrow  space  between  the  two  winds, 
light  airs,  calms,  and  a  hi^h  cross  sea,  with  heavy  rain,  thimder,  and  lightning,  gene- 
rally prevail,  and  there  the  barometer  is  lowest.  The  belt  of  southerly  win£  lies 
to  the  west  of  the  belt  of  northerly  winds,  and  the  two  travel  laterallv  to  the  east- 
ward, preserving  their  relative  positions  often  for  several  days.  The  gale  of  the  13th 
to  the  20th  of  January,  1801,  as  would  be  seen  by  inspecting  a  number  of  charts 
illustrative  of  it,  was  a  good  example,  and  many  others  might  be  adduced.  The 
barometer  stands  higher,  and  the  thermometer  lower,  in  the  southerly  than  in  the 
northerly  wind.  On  the  western  side  of  the  former  the  barometer  has  been  known 
to  stand  as  high  as  30-650  inches,  while  in  the  trough,  or  space  between  the  two 
winds,  it  stood  at  29000  inches.  Sometimes  there  are  several  alternate  belts  of 
southerly  and  northerly  winds,  a&  in  gales  which  took  place  on  the  27th  and  28th 
of  July,  1863. 

In  place  of  forming  parallel  belts,  however,  the  two  winds  are  often  inclined,  and 
sometimes  directly  opposed,  to  each  other.  Occasionally,  too,  only  one  of  them 
appears,  the  other,  if  it  exists  at  all,  being  either  above  tne  suriace-wind,  or  away 
in  the  South  Atlantic,  to  which  the  observations  do  not  extend.  This  was  the  case 
fi^m  the  I4th  to  the  20th  of  May,  1865,  when  a  violent  north-wester  occurred  in 
the  space  between  the  meridian  or  Greenwich  and  32°  £).,  and  the  parallels  of  30^ 
and  46°  S. 

But  whatever  may  be  the  positions  of  the  two  currents  of  air,  the  gales  inva- 
riably travel  to  the  eastward,  and  many  of  them  have  been  traced  from  the  meri- 
dian of  Greenwich  to  65°  E.  Where  they  originate,  and  how  fiar  they  travel,  has 
not  been  determined.  It  does  not  appear  that  they  are  revolving  gales,  although 
whirlwinds  may  occasionally  occur  between  the  inner  edges  of  the  two  winds ;  for 
in  no  instance  has  the  wind  been  traced  round  an  axis,  or  central  area,  as  in  the  case 
of  the  tropical  hurricanes.  They  take  place  with  so  much  uniformity  and  regularity 
that  their  progress  may  be  traced  from  day  to  day  and  hour  to  hour,  and  the  man- 
ner of  the  veering  or  snifdng  of  the  wind,  when  there  are  two  currents,  be  known 
beforehand,  the  shift  being  (often  suddenly)  from  N.E.  to  S.W.,  or  from  N. W.rd 
to  S.W.rd,  and  the  veering  from  N.E.  to  North,  N.W.,  West,  &c.,  or  with  the  sun. 
They  last  from  one  to  seven  days,  and  travel  at  the  rate  of  four  to  twenty  miles  an 
hour.  The  wind  usually  sets  in  at  N.E.rd  and  ends  at  S.W.rd,  or  S.E.'rd.  After 
the  shift,  or  when  the  wind  comes  to  the  south  of  west,  the  barometer  rises,  and 
in  a  few  hours  the  wind  gradually  abates.  They  succeed  one  another  at  short  in- 
tervals  and  with  considerable  regularity,  but  vary  in  force.  Even  the  ordinary 
changes  of  wind  and  weather  in  that  part  of  the  ocean  seem  to  be  moro  or  less 
dependent  upon  the  antagonistic  currents  of  air  to  which  reference  has  been  made. 

3.  Many  persons  were  at  first  little  disposed  to  accept  the  '  Law  of  Storms '  as 
laid  down  by  Kedfield,  Reid,  Thom,  and  Piddington,  and  there  were  points  on 
which  these  writers  themselves  were  not  agreed.     Even  at  the  present  day  there 
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are  ehipmaaters  and  others  who  put  little  faith  in  the  theory  of  evolving  stomis. 
But  a  careful  investigation  of  all  the  ^at  storms  which  have  occurred  in  the  In- 
dian Ocean,  south  of  the  equator,  dunng  the  last  eighteen  years,  has  amply  con- 
firmed the  truth  of  the  theory  in  the  main.  On  the  other  hand,  some  corrections 
and  modifications  are  required. 

These  rotatory  storms,  which  are  confined  to  the  months  of  November  to  May  in- 
clusive, originate  between  the  parallels  of  6°  to  14°  S.,  and  travel  to  the  W.S.W., 
and  afterwards,  but  not  always,  to  the  southward  and  S.E. ;  the  wind  invariably 
moving  round  a  central  space  (which  is  usually  characterised  by  a  calm)  from 
left  to  right,  or  with  the  hands  of  a  watch ;  while  the  storm,  which  has  a  diameter 
of  1  to  1500  miles,  moves  onwards  at  the  rate  of  1  to  20  miles,  but  more  frequently 
4  to  7  miles  an  hour,  for  a  period  varying  from  a  few  hours  to  ten  days,  attended 
with  torrents  of  rain,  and  in  its  northern  naif  often  with  lightning. 

It  would  appear  that  when  they  were  first  made  a  subject  of  investigation, 
attention  was  cniefly  directed  to  what  took  place  within  the  storm,  all  the  infor- 
mation regarding  it  having  been  derived  from  a  few  vessels  which  had  been  involved 
in  it;  while  little  notice  was  taken  of  the  state  of  the  prevailing  winds  at  a  distance, 
or  of  the  possible  connexion  between  them  and  the  ongin  and  progress  of  the  storm. 
Hence  some  writers  appear  to  have  regarded  them  as  detacned  disks  of  air,  put 
and  sufitained  in  motion  by  electricity,  magnetism,  earthquakes,  or  some  otner 
mysterious  agency. 

One  of  the  first  results  of  the  extended  system  of  observation  adopted  at  Mauritius 
was  to  show,  what  had  been  surmised  lly  Dr.  Thorn,  that  these  revolving  storms 
are  invariably  generated  between  the  N.  W.  monsoon  and  the  S.E.  trade-wind,  and 
that  to  all  appearance  their  rise  and  progress  are  intimately  connected  with  those 
two  opposing  winds.  The  fact  that  they  occur  only  during  the  monsoon  months 
in  itself  favours  the  supposition  of  a  connexion  between  the  two  phenomena. 

Observation  haa  shown  that  the  monsoon  extends  farther  south  on  the  western 
than  on  the  eastern  side  of  the  Ocean,  its  southern  limits  often  stretching  obliquely 
from  Tamatave,  in  Madagascar,  on  the  west,  to  Sumatra  on  the  east.  To  the  soutb 
of  the  N.W.  monsoon  the  S.E.  trade- wind  prevails.  Between  the  two  winds  there 
is  a  space  of  calms,  or  light  variables.  During  hot  sultry  weather  evaporation 
must  take  place  rapidly,  especially  in  the  trade- wind  region.  The  vapour  is  carried 
by  the  two  winds  towards  the  space  which  separates  them,  and  is  accumulated 
there  until  the  air  becomes  saturated.  There  may  at  the  same  time  be  an  ascend- 
ing column  of  air  and  vapour,  which  would  further  promote  condensation.  Heavy 
rain  sets  in,  the  barometer  &lls,  and  the  two  oppositely  directed  winds  flow  to- 
wards the  locality  of  diminished  pressure,  bringing  with  them  more  vapour,  which 
is  also  speedily  converted  into  rain,  the  barometer  falling  lower. 

As  the  vapour  is  chiefly  supplied  by  the  S.E.  trade-wind,  and  its  precipitation  in 
the  trade-wind  region  is  followed  by  a  decrease  of  barometric  pressure  there,  the 
movement  of  the  area  of  diminishea  pressure  is  towards  the  soutn,  across  the  trade- 
wind  region,  the  N.W.  monsoon,  and  the  N.E.  trade-wind  to  the  north  of  it,  where 
the  barometer  is  high,  pressing  to  the  southward  to  restore  the  equilibrium,  and 
the  monsoon,  as  it  were,  eating  into  the  trade-wind  as  the  aqueous  precipitation 
proceeds.  In  this  way  the  monsoon  sometimes  advances  along  its  whole  extent  in 
longitude  to  the  tropic  of  Capricorn,  or  even  beyond  it,  until  the  trade-wind  alto- 
gether disappears,  or  is  found  only  far  to  the  south.  When  the  vapour  has  been 
precipitatea  the  trade-wind  gradually  returns,  the  monsoon  receding  before  it  to 
the  northward,  until  the  two  winds  again  attain  their  normal  positions.  After  a 
lapse  of  some  time,  during  which  another  accumulation  of  vapour  takes  place, 
heavy  rains  aj^ain  commence  on  the  eauatorial  borders  of  the  trade-wind,  and  the 
monsoon  again  advances  to  the  soutnward.  The  two  winds  thus  oscillate  back- 
wards and  torwards  during  the  summer  months,  and  it  is  on  these  occasions,  when 
the  monsoon  is  advancing  to  the  southward,  that  the  tropical  revolving  storms 
occur,  the  south-west  and  west  sides  of  the  storm  being  apparently  fed  by  the 
trade-wind,  and  its  north-east  and  east  sides  by  the  monsoon. 

Instances  of  the  advancement  of  the  monsoon  to  the  southward,  as  from  the 
I3th  to  the  18th  of  February,  1860,  the  16th  to  the  20th  of  January,  1861,  the  1st 
to  the  18th  of  February,  1861,  and  the  16th  to  the  24th  of  February,  I860,  were  given 
in  a  series  of  charts  showing  the  directions  of  the  wind  at  noon  on  each  day. 
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Revolving  alorms,  however,  do  not  always  take  place  on  such  occaBions,  although , 
as  the  monsoon  approaches,  the  wind  generally  veers  from  E.S.E.  to  Ea.st,  North, 
and  N.W.,  with  much  rain,  and  generally  thunder  and  lightning.  Nor  does  the 
monsoon  always  advance  along  its  whole  extent  in  longitude,  hut  more  frequently 
penetrates  into  the  trade-wind,  and  then  only  one  rotatory  storm  is  formed.  When 
the  monsoon  and  trade- wind  are  in  collision  over  a  considerable  extent  of  longi- 
tude, or  across  the  whole  ocean,  two  or  more  revolving  storms  may  he  formed,  which 
sometimes  rage  together  for  several  days,  as  in  the  case  of  two  violent  hurricanes 
which  occurred  between  the  8th  and  the  17th  of  February,  1861,  and  of  several 
others  between  the  6th  and  24th  of  April,  1866.  On  occasions  like  these  as  many 
as  live  rotatory  storms  have  been  known  to  exist  at  the  same  time  along  the  hmer 
borders  of  the  two  winds,  but  they  did  not  all  last  long. 

In  the  earlier  and  latter  parts  of  the  season  these  storms  often  do  not  travel 
beyond  the  parallel  of  16°  S.  They  are  most  frequent  in  February  and  March,  and 
during  those  months  they  generaUy  advance  to  26°  S.,  imd  sometimes  to  30**  or 
82°  S.  Their  tracks  are  generally  cur\'e8,  the  convexities  of  which  are  towards  the 
west,  and  the  apices  anywhere  between  the  parallels  of  14°  and  24°  S.,  according 
to  the  season.  .  It  would  appear  that  they  traverse  the  trade-wind  region  in  conse- 
quence of  the  progress  of  the  aqueous  precipitation  being  in  that  direction,  and  of 
nie  monsoon  extending  farther  south  on  the  western  than  on  the  eastern  side  of 
the  ocean,  as  already  stated.  The  direction  of  the  wind  in  the  body  of  the  storm 
may  be  accounted  for  by  the  relative  positions  and  directions  of  the  monsoon  and 
trade-wind,  independently  of  the  earth's  rotation  on  its  axis,  fdthough  that  also 
may  have  an  effect. 

With  regard  to  the  form  of  these  storms,  it  varies,  and  is  not  so  circular  as  is  usually 
supposed.  The  wind  generally  blows  spirally  towards  and  ultimatelv  around  tlie 
centre,  as  is  shown,  not  only  by  the  collective  evidence  of  vessels  on  all  sides  of  the 
storm,  but  also  by  individual  vessels  occasionally  running  completely  round  the  cen- 
tre, and  being  gradually  drawn  into  it.  An  example  of  this  occurred  in  May,  1863, 
when  a  vessel  belonging  to  the  port  of  Dundee,  caUed  the '  Earl  of  Dalhousie  (Capt. 
Campbell),  scudded,  at  the  rate  of  10  to  13  knots  an  hour,  three  times  round  tne 
centre  of  a  revolving  storm,  which  at  the  time  happened  to  be  nearly  stationary, 
till  at  length  she  reached  the  central  calm.     (Charts  were  exhibited  showing  tlie 

Soaitions  of  the  vessels  and  directions  of  the  wind  in  this  storm  at  noon  on  each 
ay  from  the  7th  to  the  20th  of  the  month.) 

As  the  trade- wind  in  front  of  a  revolving  storm  often  blows  in  strong  gales  with 
a  falling  barometer  over  many  degrees  in  longitude,  and  the  direction  of  the  wind, 
especially  at  a  distance,  is  far  from  being  at  right  angles  to  tlie  bearing  of  tlie 
centre,  severe  losses  have  occurred  in  consequence  of  vessels,  having  the  wind  at 


travelling  to  the  S.W.,  as  is  often  the  case,  a  vessel  steering  westward  or  N.W. 
may  be  runniqg  to  her  destruction.  During  a  hurricane  in  Februaiy,  1800,  for 
example,  a  number  of  vessels  left  the  roadsteads  of  Reimion  with  the  wind  at 
S.E.,  and,  running  to  the  N.W.,  got  into  the  heart  of  the  storm.  Several  of 
them  were  wrecked  on  the  coast  of  Madagascar,  others  were  never  heard  of,  and 
of  those  that  returned  some  had  to  be  abandoned.  The  safest  course  seems  to  be 
to  lie  to  and  watch  the  barometer  and  wind  till  the  bearing  of  the  centre  be  known 
with  some  certainty. 

But  perhaps  the  greatest  losses  of  life  and  property  in  the  Indian  Ocean  south  of 
the  Equator  arise  from  homeward-bound  vessels  runmng  into  revolving  storms  to  the 
southward  of  them,  by  taking  supposed  advantage  of  the  N.E.  winds  of  a  storm, 
between  the  parallels  of  10°  and  16°  S.,  and  steering  to  the  S.W.  till  they  get  in 
front  of  the  storm.  This  is  the  more  to  be  regretted,  inasmuch  as  all  such  losses  may 
be  easily  avoided  by  lying-to  till  the  barometer  rises  and  the  weather  improves,  or  by 
proceeding  cautiously  to  the  southward.  Heavy  losses  occur  annually  from  inatV 
tention  to  this  simple  precaution.  In  May,  1863,  for  instance,  of  twelve  homeward- 
bound  vessels  which  nad  got  involved  in  a  revolving  storm  by  running  to  the 
southward  with  increasing  winds,  falUng  barometer,  and  threatening  weather,  two 
had  to  be  abandoned  at  sea,  and  the  others  were  so  disabled  that  on  arriving  at 
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Port  Louis  some  of  them  were  condemned;  and  some  detained  for  two  or  three 
months  undergoing  repairs.  The  loss  on  that  single  occasion  must  have  amounted 
to  at  least  £60,000;  and  there  is  not  the  slightest  douht  that  it  would  have  heen 
avoided  if  the  vessels  had  kept  hack  for  a  day  or  two,  and  not  run  headlong  into 
the  stonn.  In  the  hurricane  season,  in  those  latitudes,  with  the  wind  anywhere 
between  north  and  south,  through  the  west,  the  weather  squally  and  threatening, 
and  the  barometer  falling,  a  vessel  should  not  press  too  much  to  the  southward. 
By  attention  to  this  rule  the  storm  will  he  avoided. 

Experience  has  proved  that  the  existence  of  a  gale  belonging  to  any  one  of  the 
three  classes  ahove  described  is  indicated  at  Mauritius  hy  the  harometer,  winds, 
and  weather,  even  when  the  distance  is  very  considerable.  A  trade-wind  gale  ia 
preceded  by  a  hi^h  and  rising  barometer,  and  by  the  setting  in  of  the  wind  at 
southward,  generwly  with  a  clear  sky.  On  the  other  hand,  the  barometer  at  Mau- 
ritius always  falls  during  a  gale  belonging  to  either  of  the  other  two  classes.  As 
a  general  rule,  if  the  harometer  fall  steadily  for  three  or  four  days  to  the  extent  of 
even  one-tenth  of  an  inch  below  its  height  for  the  season,  it  may  be  inferred  either 
that  a  tropical  gale  exists  on  the  equatorial  horders  of  the  trade-wind,  or  an  extra* 
tropical  one  on  its  polar  horders ;  and  the  direction  and  veering  of  the  wind,  and 
the  character  of  tne  clouds,  will  determine  in  which  of  these  directions  the 
disturbance  is  taking  place.  At  the  setting  in  of  a  tropical  gale  away  to  the  north- 
ward or  N.E.,  the  trade'-wind  at  Mauritius  is  drawn  towaras  the  locality  of  dimi- 
nished pressure,  and  the  barometer  falls.  When  an  extra-tropical  gale  takes  place 
away  to  the  S.W.,  towards  the  Cape  of  Good  Hope,  the  traide-wind  is  deflected 
in  that  direction,  so  as  to  form  a  part  of  the  N.E.  winds  of  the  east  side  of  the 
gale, and  in  this  case  also  the  barometer  falls  at  Mauritius,  until  the  southerly  winds 
of  the  west  side  of  the  gale  have  begun  to  exert  their  influence,  as  the  gale  ad- 
vances to  the  eastward.  The  existence  of  all  the  heavy  gales  which  have  taken 
place  in  either  direction,  for  some  years  back,  has  been  known  at  Mauritius,  and 
frequently  announced  in  the  newspapers  at  the  time. 

On  Meteorological  Observations  at  Sea,     By  F.  W.  Moffat. 

Coinmunicated  hy  Dr.  Moffat. 
These  observations  were  made  for  the  purpose  of  ascertaining  the  quantity  of  ozone 
in  difierent  degrees  of  latitude  and  longitude  at  sea.  The  observations  extend 
between  lat  63^  N.  and  89°  S.,  and  long.  83°  E.  and  25°  W.  The  author  had  ob- 
served that  as  the  wind  veered  with  increasing  readings  of  the  barometer  from  south 
points  of  the  compass  through  west  to  nortn,  ozone  disappeared,  and  continued 
absent  while  the  wind  was  in  points  between  north  and  east,  and  that  it  reap- 
peared as  the  wind  veered  with  decreasing  readings  of  the  barometer  to  south 
points.  The  disappearance  and  reappearance  of  ozone  with  these  conditions  were 
80  regular  that  the  changes  appeared  to  be  the  result  of  an  invariable  atmospheric 
law,  and  the  author  was  induced  to  examine  the  law  of  the  rotation  of  the  wind, 
so  cleSrly  developed  by  Dove,  and  the  results  of  the  examination  led  him  to  believe 
that  the  polar  current  is  the  non-ozonlferous,  or  that  of  minimum  of  ozone,  and 
that  the  equatorial,  or  sea-wind,  is  the  ozoniferous,  or  that  of  the  maximum  of 
ozone.  According  to  the  rotation  theory,  the  polar  current  in  the  northern  he- 
misphere forms  the  N.E  "  trade,"  and  that  in  the  southern  hemisphere  forms  the 
S.E.  ^^  trade,'*  while  the  equatorials  in  the  northern  and  southern  hemispheres  form 
the  upper  or  returning  "trades."  These  returning  "trades"  come  to  the  earth's 
surface  in  both  hemispheres  about  the  28th  degree  (the  latitude  varies  with  the 
season),  north  and  south  of  the  equator.  The  author  stated  that  if  his  deductions 
are  trustworthy,  the  N.E.  and  S.E.  "  trades"  ought  to  be  the  minimum  of  ozone 
currents,  and  the  returning  "  trades  "  the  maximum  of  ozone  currents ;  that  in  the 
northern  hemisphere  formmg  the  S.  W.  wind,  and  the  other  in  the  southern  hemi- 
sphere a  N.W.  wind ;  and  as  these  currents  consisted  of  the  atmospheres  of  equa- 
torial latitudes,  the  quantity  of  ozone  ought  to  be  at  least  as  great  at  the  equator 
as  with  the  returning  currents.  The  author  showed  by  tabulated  results  that  such 
was  the  case,  and  he  expressed  a  belief  that  were  it  not  for  the  modifying  effects 
of  the  trade- winds,  ozone  would  be  a  constant  quantity  at  sea. 
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On  the  Errors  of  Aneroids  at  various  Pre^ures. 
By  Balfour  Stewart,  LL,D.,  F.R.S,,  Superintendent  of  Kew  Observatory, 

At  the  request  of  the  Meteorological  Committee  experiments  hare  lately  been 
made  at  Kew  Observatory,  with  the  ^dew  of  ascertaining  to  what  extent  an  aneroid 
may  be  considered  as  a  reliable  instrument  when  exposed  to  considerable  changes 
of  pressure^  such  as  occur  in  mountain  ascents. 

in  order  to  make  these  experiments,  a  large  receiver  had  attached  to  it  a  standard 
barometer,  of  which  the  accuracy  had  been  previously  ascertained.  By  means  of 
an  air-pump,  the  aneroids,  when  placed  in  this  receiver,  might  be  subjected  to  any 
pressure,  the  exact  amount  of  pressure  being  noted  by  the  standard  barometer. 
An  arrangement  devised  by  Mr.  Beckley,  mechanical  assistant  at  Kew,  enabled  the 
aneroids  to  be  tapped  while  in  the  receiver,  so  as  to  imitate,  as  well  as  possible, 
the  tapping  of  the  hand,  to  which  these  instruments  are  usually  subjected  pre>ious 
to  their  readings  being  taken. 

For  the  aneroids,  to  which  I  shall  immediately  refer,  observations  were  made  for 
every  inch  of  pressure  between  30  inches  and  19  inches,  ten  minutes  being  occu- 
pied in  going  from  one  stage  to  the  next,  and  the  instruments  being  always  tapped 
at  eveiy  stage.  When  they  had  reached  their  lowest  pressure,  they  were  kept  at  this 
for  an  hour  and  a  half,  and  were  then  raised  in  stages  of  1  inch  every  ten  minutes 
until  the  ordinary  atmospheric  pressure  was  fin^y  reached.  The  instruments 
themselves  were  obtained  from  tne  best-known  makers,  who  kindly  lent  aneroids 
for  the  purpose  of  this  experiment. 

The  following  Table  ae^otes  the  average  behaviour  of  these  instruments  bo 
treated,  eight  sets  of  experiments  having  been  made,  and  the  instruments  being 
one  half  large  instruments,  diameter  4  inches,  and  one  half  small  instrumentj^, 
diameter  2  inches. 

Supposing  the  instruments  were  quite  right  at  starting  at  the  pressure  of  30 
inches,  then  their  behaviour  while  the  pressure  was  being  lowered  is  represented 
by  the  following  Table  : — 

in. 


in. 

At  30  inches,  error  '00 
29  „  „  +-03 
28  „  „  +03 
27      „  „     +-01 

26      „  ,.        -00 


11 


At  24  inches,  error  —  02 
„  23  „  „  -05 
„  22  „  „  —  08 
„  21  „  „  —•12 
20      ..         „     --18 


„  2o      „         „     —  02  I         „   19      „         „     —'22 

From  this  Table  we  may  learn  the  following  facts : — 

1.  If  we  compare  an  aneroid  with  a  standard  barometer  before  beginning  our 
observations,  in  order  to  ascertain  its  index  error,  and  if  we  then  gradually  lower 
the  pressure,  using  the  above  index  error,  we  shall  find  that  the  instrument  lags 
behind  or  reads  rather  too  high  down  to  26  inches,  at  which  point  its  behaviour 
appears  to  be  reversed,  and  it  falls  thereafter  too  fast. 

2.  The  instrument  is,  however,  tolerably  accurate  down  to  24  inches,  or  through 
a  range  of  6  inches. 

3.  If  we  compare  the  aneroid  with  a  standard  at  the  end  instead  of  at  the  be- 
ginning of  the  oDservations,  we  shall  get  much  less  reliable  results. 

Suppose  now  that  the  instrument  is  allowed  to  remain  an  hour  and  a  half  at  the 
lowest  pressure,  and  that  it  starts  from  this  pressure  of  19  inches,  going  upwards, 
being  quite  ri^ht  at  starting,  as  compared  with  a  standard  barometer,  tnen  the 
average  behaviour  will  be  represented  by  the  following  Table : — 


At  19  inches,  error  OO 
„  20  „  „  --02 
„  21  „  „  —02 
„  22  „  „  —02 
fy   23       „  „      —  Ol 

»  ^      ff  n         OO  I  „ 


m. 
At  25  inches,  error  +  Ol 


91 


26  „  „  +03 

27  „  „  +05 

28  „  „  +08 

29  „  „  4- -12 

30  „  „  +14 


From  Table  II.  we  may  learn  as  follows : — 

1-.  If  we  start  from  a  low  pressure  (19  inches)  and  compare-  our  aneroid  with  a 
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standard  barometer  before  beginning  our  observations  in  order  to  ascertain  its 
index  error,  and  if  we  then  gradually  increase  the  pressure,  using  the  above  index 
error,  we  shall  find  that  the  instrument  lags  behind,  that  is  to  say,  reads  too  low 

Xto  24  inches,  at  which  point  its  behaviour  appears  to  be  reversed,  and  it  there^ 
r  rises  too  fkst 

2.  The  instrument  is,  however,  tolerably  accurate  up  to  26  inches,  or  through  a 
range  of  6  inches. 

3.  If  we  compare  our  aneroid  with  a  standard  at  the  end  instead  of  the  begin- 
ning of  the  observations,  we  shall  get  much  less  reliable  results. 

So  much  for  tiie  double  experiment,  in  which  the  pressure  is  first  lowered  and 
then  raised. 

Now,  if  at  the  end  of  this  experiment  we  compare  our  aneroid  with  a  standard 
once  more  at  the  ordinary  pressure,  we  shall  find  that,  on  the  whole,  its  indications 
have  ffdlen,  or  it  reads  too  low,  but  gradually,  and  m  course  of  tmie,  it  recovers 
itself. 

This  is  seen  by  the  following  instances : — 


2-inch  aneroid. 

Error  before  experiment  +  '47 
Immediately  after  „  -f'l^ 
28  hours  after  „      4- '34 

40  „  „       +-37 


4i-inch  aneroid. 

Error  before  experiment  +  "(M 

Immediately  after    „  —  '06 

1  hour  after  „  —  '06 

18  hours  after  „  —  '01 

8  days  after  „  -f  *01 

3  weeks  after  „  +'07 


2f-inch  aneroid. 

Error  before  experiment  +  'H 

Immediately  after    „       +  '03 

18  hours  after  „       4-  *10 

In  the  next  place,  I  would  remark  that  large  aneroids  are  better  than  small  ones, 
as  will  be  seen  by  the  following  Table  denoting  the  average  behaviour  of  small 
and  large  instruments  for  the  down  observation. 

Error  Error 
Pressure                         of  large.                          of  small. 

30  -00  00 

29 +04 +-04 

28  +-04 +02 

27  +-02 -00 

26  +-01  --02 

25 -00 -06 

24 :   -02 —07 

23 --04 --11 

The  experiments  are  not  yet  quite  finished,  but  we  may  perhaps  conclude — 

1.  That  if  a  good  4-inch  aneroid  be  first  of  all  compared  with  a  standard  baro- 
meter, and  then  graduidly  subjected  to  a  decrease  of  pressure,  it  will  give  reliable   * 
results  through  a  range  of  6  inches. 

2.  That  if  a  good  4-inch  aneroid  be  first  compared  with  a  standard  barometer 
at  a  low  pressure,  and  then  gradually  subjected  to  an  increase  of  pressure,  it  will 
give  reliable  results  through  a  range  of  6  mches,  starting  from  the  low  pressure. 

3.  The  results  would  probably  be  still  better  if  the  instrument,  before  use,  were 
compared  with  a  standard  barometer  after  the  manner  I  have  now  described. 


Storm-Wamhigs,  their  Importance  and  Praeticahility. 

By  Colonel  Sykes,  M,R,  F.B.S. 

The  author  adduced  the  testimony  of  numerous  men  of  scientific  eminence,  and 
the  Reports  from  the  seaports  to  the  great  importimce  of  the  signals  lately  in  prac- 
tice at  the  Meteorological  Depai'tment  of  the  Board  of  Trade,  both  from  humane 
and  commercial  points  of  view,  and  then  stated  that  out  of  405  warning^  given  in 
three  years,  the  prognostications  were  correct  for  306  times.  No  one  could  tell  the 
'  possible  number  of  lives  and  amount  of  property  which  had  thus  been  saved  ;  and 
he  asked  if  this  did  not  sufficiently  justify  the  continuance  of  these  storm-warn- 
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ings.  even  though  founded  on  supposed  empirical  data.  The  Scientific  Committee 
of  toe  Royal  Society  had  declined  to  continue  these  warnings,  on  the  ground  that 
Admiral  F^itzHoy  had  obtained  his  conclusions  on  empirical  data.  The  author  stated 
that  the  Committee  proposed  to  establish  eight  additional  observatories  throughout 
the  empire ;  and  at  the  end  of  fifteen  years  they  expected  to  be  able  to  predict 
storms  on  philosophical  data,  and  not  on  empirical  oata.  But  if  during  tne  last 
fifty  years  all  the  Observatories  of  the  kingdom  had  not  been  able  to  obtain  these 
results,  the  author  thought  that  they  were  not  likely  to  do  so  during  the  next  fif- 
teen years,  and  the  cost  of  maintaining  them  would  be  wasted. 

On  Evaporation  from  Rain-gauges,     By  John  Thrtjston. 


CHEMISTRY. 

Address  hy  ike  President,  Thomas  Anderson,  M.D.,  F,B,S.E. 

Ox  many  previous  occasions  the  British  Association  has  met  in  places  which  have 
afibrded  the  chemist  valuable  opportunities  of  seeing  the  principles  of  his  science 
reduced  to  practice,  and  the  various  papers  which  have  been  read  at  this  Section  on 
these  subjects,  and  the  discussions  which  have  arisen  regarding  them,  have  formed 
a  very  interesting  department  of  its  proceedings.  At  the  present  Meeting  little  of 
this  is  likely  to  enga^  our  attention ;  for  though  the  manufactures  of  Dundee  have 
probably  increased,  during  the  last  ten  or  fifteen  years,  in  a  more  rapid  ratio  than 
those  of  any  other  town  in  the  kingdom,  they  have  taken  a  direction  which  gives 
but  little  scope  for  the  applications  of  chemistry,  so  that  with  the  exception  of  a 
few  of  the  simpler  operations  of  the  dyer,  there  is  really  scarcely  anythmg  which 
need  specially  attract  our  attention.  Under  these  circumstances  it  may  be  fairly 
anticipated  that  the  business  of  the  Section  will  be  more  particularly  occupied  with 
the  discussion  of  the  great  principles  of  the  science  which  to  the  general  public 
are  often  less  interesting,  and  regarded  as  the  exclusive  province  of  those  engaged 
in  scientific  study,  and  not  sufficiently  recognized  as  being  the  only  sure  foundation 
on  which  the  superstructure  of  practical  progress  can  be  raised. 

The  consideration  of  these  ^neral  principles  is,  however,  at  the  present  moment 
a  matter  of  the  very  highest  importance^  for  the  science  of  chemistry  is  in  a  state 
of  transition.  The  immense  accumulation  of  facts  which  haa  been  made  during 
the  last  twenty  or  thirty  years,  has  not  only  increased  her  bounds,  but  has  shown 
the  insufficiency  of  those  principles  on  which  the  chemist  was  formerly  ready  to 
rely  with  almost  implicit  confidence,  and  introduced  changes  amounting  to  a  revo- 
lution, which  have  Jiad  the  eftect  of  unsettling  the  views  formerly  entertained, 
without  as  yet  introducing  anything  which  can  oe  considered  satisfactory  in  their 
place.  The  atomic  theory,  which  at  the  commencement  of  the  present  century 
explained  with  clearness  and  precision  all  the  facts  of  the  science  tnen  known^  has 
proved  itself  (at  least  in  the  wrm  in  which  Dalton  left  it)  no  longer  sufficient  for 
the  purpose.  At  the  time  at  which  it  was  produced,  the  knowledge  of  chemists 
was  confined  to  a  comparatively  small  number  of  compounds,  amon?  which  those 
of  oxygen  had  so  preponderating  an  importance  that  the  science  of  the  time  might 
almost  be  described  as  the  chemistry  of  oxygen.  At  the  present  moment,  if  we 
were  to  attach  to  it  the  name  of  any  individual  element,  we  should  probably 
describe  the  whole  science  by  the  definition  which  has  been  so  often  applied  to 
organic  chemistry,  and  call  it  the  chemistry  of  carbon,  for  it  is  in  the  stuay  of  the 
compounds  of  that  element  that  all  the  difficulties  with  which  the  chemist  has 
now  to  contend  have  had  their  origin.  At  a  comparatively  early  period  indeed, 
doubts  wefe  expressed  as  to  the  sufficiency  of  the  atomic  theory  of  Dalton,  and 
Ampere  especially  suggested  that  the  chemical  atom  mi^ht  vdth  advantage  be 
considered  to  be  a  congeries  of  smaller  particles ;  but  this  and  other  analogous 
additions  to  the  original  conceptions  of  the  chemical  atom,  being  of  a  purely  spec:;- 
lative  character,  and  having  no  immediate  bearing  on  the  facts  then,  or  even  now 
known,  have  never  been  accepted  by  chemists,  or  received  from  them  more  than  a 
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TOTj  passing  notice,  and  weie  not  unfairlj  considered  to  be  unnecessary  complica- 
tions of  the  theory.  It  was  left  for  time  to  accumulate  foots,  for  which  DaIton*8 
theory  supplied  no  explanation  of  any  kind;  and  these  were  at  first  neglected ;  but 
as  their  number  increased ,  their  explanation  was  evaded  by  the  invention  of  names 
intended  to  group  together  facts  supposed  to  be  dependent  on  similar  causes.  Such 
names  as  catalysis,  allotropy,  and  the  like,  really  explain  nothing ;  they  are  little 
better  than  scientific  lumber-rooms,  in  which  unexplained  facts  are  stowed  away 
until  it  suits  our  knowledge  or  our  convenience  to  classify  and  explain  them.  I 
am  far  from  assertinff  that  this  mode  of  grouping  facts  supposed  to  have  something 
in  common,  has  not  its  advantages,  provided  only  it  be  distinctly  understood  that 
it  is  the  grouping  of  ignorance.  The  risk  lies  in  the  name  being  accepted  as  an 
explanation,  and  inquiry  being  thereby  retarded — and  something  of  this  sort  has 
inaeed  occurred ;  for  though  these  facts  were  admitted  to  be  beyond  the  scope  of 
the  atomic  theory,  they  were  quietly  set  aside ;  things  went  on  as  they  were  before, 
and  it  was  not  till  the  introduction  of  the  theory  of  atomicity,  which  shows  itself 
in  every  chemical  fact,  that  the  doubts  which  had  been  long  gatheiing  in  the 
minds  of  all  thoughtful  chemists,  foimd  distinct  expression.  I  do  not  on  the  pre- 
sent occasion  propose  to  discuss  in  detail  the  effect  which  the  introduction  of  this 
view  has  had  upon  chemical  theory,  further  than  to  remark  that  it  renders  it 
necessary  either  to  abandon  altogether  the  atomic  theory  of  Dalton,  or  to  introduce 
into  it  such  modifications  as  fundamentally  alter  its  entire  character,  and  make  it 
substantially  a  new  theory.  The  former  is  an  alternative  which  some  chemists 
will  be  greatly  disinclined  to  adopt.  They  will  not  willingly  abandon  a  theory 
which  has  admittedly  done  admirable  service,  which  at  its  first  introduction  estab- 
lished order  and  regularity  where  confusion  and  disorder  previously  reigned 
supreme,  and  under  whose  influence  the  science  has  attained  its  present  goodly 
proportions.  Others  again  may  be  of  opinion  that  the  atomic  theory  has  done  its 
work,  and  in  the  future  is  less  likely  to  act  as  an  assistance  than  as  a  hindrance  to 
progress,  by  forcing  us  to  consider  all  facts  in  its  particular  light,  and  causing  us  to 
overlook  relations  which  might  be  at  once  detected  by  an  unbiassed  mind. 

This  latter  opinion  has  been  very  strongly  expressed  by  Sir  Benjamin  Brodie, 
and  in  the  Calculus  of  Chemical  Operations,  which  he  has  recently  made  public, 
we  have  the  first  systematic  attempt  which  has  been  made  to  express  the  consti- 
tution of  chemical  compounds  by  a  method  in  which  the  idea  of^an  atom  has  no 
place.  As  this  is  the  most  important  chemical  doctrine  which  has  been  put 
forward  for  many  years,  and  xmistj  if  accepted,  materially  alter  our  present  views, 
I  shall  venture  to  consider  it  in  some  detail,  premising,  nowever,  that  as  only  the 
first  part  of  the  investigation  has  yet  been  made  public,  any  opinion  I  may  now 
express  regarding  it  may  be  liable  to  modification  when  the  entire  investigation  is 
published. 

Sir  B.  Brodie,  as  has  been  already  observed,  discards  altogether  the  idea  of  an 
atom,  and  compares  with  one  another  the  weights  of  different  substances  in  the 
gaseous  state  wnich  are  capable  at  the  standard  temperature  and  pressure  of  filling 
a  unit  of  space,  which  is  the  bulk  of  1000  cubic  centimetres.  If  we  consider  this 
space  to  be  empty,  and  fill  it  with  hydrogen,  a  chemical  operation  is  performed 
which'  is  represented  by  the  sjTubol  a,  expressing  the  fact  that  the  weight  so  intro- 
duced is  chemically  indivisible.  If  now  in  place  of  hydrogen  oxygen  be  introduced, 
the  unit  of  space  is  filled  by  a  quantity  sixteen  times  as  great,  out  this  weight  is 
not  indivisible^  as  is  at  once  apparent  if  we  notice  what  happens  when  oxygen  is 
introduced  into  the  unit  of  space  already  filled  with  hydrogen.  In  that  case  a 
second  operation  is  performed  on  it,  in  which  a  weight  eight  times  as  great  as  that 
of  the  hydrogen  is  introduced,  and  water  is  the  result.  The  quantity  of  oxygen 
which  fills  the  unit  of  space  must  therefore  be  regarded  as  divisible,  and  this  is 
expressed  by  assigning  to  it  the  symbol  f^,  indicating  the  fact  that  two  identical 
operations  are  required  to  fill  the  unit  of  space  with  oxygen.  By  the  same  line  of 
argument  it  is  concluded  that  sulphur,  selenium,  &c.,  must  be  similarly  constituted, 
and  they  are  accordingly  represented  respectively  by  ^3,  Xj,  &c.  So  far  it  will  be 
olwerved  that  the  system  is  merely  a  modification  01  that  at  present  used  by  che- 
mists for  expressing  the  laws  of  gaseous  combination,  excepting  that  all  substances, 
compounds  as  well  as  elements,  are  referred  to  the  unit  ot  space,  while,  according 
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to  our  present  plan;  the  former  are  referred  to  two  units  of  space  and  the  latter  to 
one.  But  when  the  compounds  of  chlorine  and  the  allied  elements,  with  hydrogen, 
are  to  he  represented  according  to  Sir  B.  Brodie's  system,  it  at  once  hecomes  appa- 
rent that  some  further  hypothesis  must  he  introduced  if  they  are  to  he  referred  to 
the  same  volume.  When  the  quantity  of  hydrogen  represented  by  the  symbol  a, 
unites  with  chlorine;  the  product  fills  two  units  of  space;  and  as,  according  to  the 
fundamental  hypothesis;  a  is  indivisible;  the  question  is  to  obtain  some  means  of 
expressing  without  fractions  the  quantity  of  hydrochloric  acid  which  fills  the  unit 
of  space.  This  end  Sir  Benjamin  attains  by  assuming  that  chlorine  is  itself  a  com- 
pound of  hydrogen  with  an  unknown  element  to  which  the  symbol  x  ^^  assigned ; 
chlorine  bemff  ax^  and  formed  by  three  operations;  one  being  hydrogen,  and  the 
other  two  which  are  identical,  result  in  the  introduction  into  the  unit  of  space  of 
two  q^uantities  of  a  hypothetical  substance  X;  whose  weightis  17*25;  and  according 
to  this  vieW;  when  hydrogen  and  chloiiue  unite,  the  action  is  expressed  by  the 
equation 

n;ifa4-a=2ax. 
On  precisely  the  same  nrinciple  iodinC;  bronunO;  nitrogen;  phosphorus,  antimony, 
and  bismutn  must  also  be  hydrogen  compounds.  It  is  obvious  therefore  that  Sir 
Benjamin's  system  involves  a  very  large  amount  of  hypothesis ;  for  it  assumes  that 
a  considerable  number  of  those  substances  hitherto  regarded  as  elements  are  really 
compounds.  I  do  not  imajs^ne  that  much  difficulty  will  be  experienced  by  any 
one  m  admitting  the  possibility  of  this,  for  I  apprehend  there  is  no  chemist  who 
imagines  those  -bodies  which  we  call  elements  to  be  the  ultimate  constituents  of 
matter,  or  who  doubts  that  the  time,  though  still  far  distant,  will  come  when  they 
may  be  resolved  into  simpler  substances.  But  when  we  come  to  reduce  these 
speculations  to  a  definite  form,  and  seek  to  make  them  part  of  the  science  itself,  it 
becomes  essential  to  subject  them  to  a  very  close  and  searching  scrutiny. 

In  order  to  justify  their  assumption;  it  seems  to  me  necessary  either  that  they 
should  be  supported  by  experimental  evidence;  or  that  they  should  afibrd  the  means 
of  tracing  out  unsuspected  relations,  and  thus  extending  uie  bounds  of  the  science, 
or,  at  all  events,  that  they  should  involve  the  minimum  amount  of  hypothesis. 
Now,  as  regards  the  first  of  these,  it  is  unnecessary  to  observe  that  there  is  not  one 
tittle  of  evidence  to  show  that  chlorine  is  a  compound  any  more  than  hydrogen 
itself.  As  far  as  extending  the  bounds  of  the  science  is  concerned;  we  must  look 
for  an  answer  to  the  future;  and  it  may  be  expected  that  in  the  remaining  parts  of 
the  investigation;  which  it  is  to  be  hoped  may  soon  be  made  public,  it  will  be 
shown  how  the  method  may  be  used  for  this  purpose ;  but,  in  the  meantime,  I  am 
unable  to  see  how  it  is  to  open  up  new  fields  of  mquiry,  and  it  is  certain  that  it 
leaves  unexplained  all  those  anomalies  which  are  usually  considered  to  be  the  weak 
points  of  the  existing  system.  Neither  can  it  be  asserted  that  the  system  involves 
the  minimum  amount  of  hypothesis ;  for,  in  point  of  fact,  the  assumption  of  the 
compound  nature  of  certain  of  the  elements  is  rendered  necessary  by  the  funda- 
mental hypothesis  that  a  1%  indivisible.  If  it  be  assumed  to  be  divisible;  the  necessity 
for  holding  those  elements  to  be  compound  at  once  falls  to  the  ground;  and  I  confess 
it  appears  to  me  that  we  should  req^uire  very  clear  evidence  of  the  advant«ge8  it 
offers  before  we  accept  a  h^othesis  involving  so  many  others.  The  question  must 
at  best  be  considered  as  still  sttb  judtce.  and  the  method  is  not  likely  to  meet  with 
general  acceptance  until  it  is  supported  by  a  much  larger  body  of  facts  than  those 
we  at  present  have. 

While  Sir  B.  Brodie's  theory  is  one  from  which  the  idea  of  atoms  is  excluded,  it 
is  important  to  notice  that  it  is  by  no  means  incompatible  with  them,  and  it  even 
appears  to  me  that  though  it  may  suit  our  convenience  to  consider  matter  in  rela- 
tion to  space  only,  the  real  subject  of  inquiry  is  not  the  unit  of  space,  but  the  unit 
of  matter,  and  to  it  we  must  eventually  come.  If  I  hold;  as  I  most  undoubtedly 
do,  that  the  atomic  theory  of  Dalton  must  sooner  or  later  be  abandoned,  it  is  not 
because  I  do  not  believe  in  the  existence  of  a  unit  of  matter.  Whether  we  assume 
it  to  be  a  hard  spherical  particle,  a  centre  of  force,  or  a  vortex  produced  in  a  per- 
fect ether,  is  another  question ;  but  it  seems  evident  that  some  kind  of  molecular 
hypothesis  is  indispenpable  for  the  explanation  of  physical  phenomena;  and  it  is 
scarcely  possible  to  doubt  that  some  connexion  must  exist  between  the  chemical 
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and  the  physical  unit  of  matter.  In  the  mean  time  it  is  only  by  the  most  cumbrous 
and  improbable  assumptions  that  the  existing  atomic  theory  can  be  made  to  fit  in 
with  the  facts  which  chemistry  has  recently  discovered,  and  of  these  the  theory  of 
atomicity  is  one  which  can  scarcely  be  connected  with  it  at  all.  'In  point  of  fact 
that  theory  is  a  merely  temporary  hypothesis,  constructed  to  keep  before  our  eyes 
the  tendency  which  substances  have  to  form  compounds  of  certain  definite  forms, 
under  special  circumstances ;  and  it  is  scarcely  possible  to  doubt,  that  in  twenty  or 
thirty  years  it  will  have  passed  away  and  have  been  replaced  by  something  of  a 
more  satisfactory  character.  Meanwhile  its  important  innuence  on  the  recent  pro- 
gress of  chemistry  is  too  obvious  to  be  disputed.  It  is  only  to  be  regretted  that  so 
many  conflicting  modes  of  considering  the  atomicities  of  the  elements  should  have 
been  introduced  by  different  writers. 

Into  the  consideration  of  this  matter  I  should  have  been  glad  to  have  entered  at 
some  length,  but  I  feel  that  I  have  already  detained  you  too  long  from  the  actual 
business  of  the  Section,  and  no  doubt  opportunities  will  arise  in  the  course  of  the 
business  for  individuals  expressing  their  opinions  on  this  and  other  subjects. 
Amon^  these  the  mode  of  expressing  the  symbols  of  chemical  compounds,  which 
was  objected  to  long  since  by  Sir  John  Herschel,  and  has  been  again  brought  into 
prominence  by  the  publication  of  Sir  B.  Brodie^s  paper,  merits  attention.  The 
present  imsettled  state  of  chemical  nomenclature,  so  inconvenient  to  the  teacher, 
ought  also  to  be  discussed,  and  it  might  even  be  well  to  consider  whether  a  com- 
mittee should  not  be  appointed  to  ascertain  how  far  it  might  be  possible  to  adopt 
a  uniform  system.  Nor  do  I  think  we  ought  to  separate  without  recording  our 
opinion  on  the  subject  of  better  and  more  extended  scientific  education.  The 
even'ts  of  the  Paris  Exhibition  have  brought  our  deficiencies  in  this  respect  very 
conspicuously  before  us,  and  show  us  how  much  we  have  yet  to  do.  That  we 
have  made  progress  in  this  respect  is  not  to  be  doubted,  for  science  is  much  more 
cultivated  now  than  formerly,  and  is  becoming  more  and  more  a  branch  of  ^neral 
education.  Much,  however,  still  remains  to  be  done  in  this  direction,  especially  in 
Scotland,  and  it  will  na  doubt  surprise  many  of  my  audience  to  hear  tnat  chemistry 
and  natural  histoiy  are  still  excluded  from  the  course  of  study  for  degrees  in  arts 
in  the  Scotch  universities.  Of  late  years  the  study  of  these  and  other  departments 
of  natural  science  has  been  introduced  to  some  extent  in  schools  both  in  £nfi^land 
and  Scotland ;  but,  so  far  as  my  experience  goes,  without  having  as  yet  proauced 
results  of  much  importance.  Tne  difficulty,  I  think,  lies  in  the  kind  of  instruction 
ofiered ;  the  usual  practice  having  been  to  give  lectures  from  which  the  discupsion 
of  principles  and  of  everything  which  exercises  and  develqpes  the  mind,  is  elimi- 
nated, and  only  that  which  it  is  supposed  will  entertain  or  surprise  is  retained,  and 
boys  are  thus  led  to  look  upon  science  merely  as  a  pastime.  They  are  shrewd 
enough  to  see  the  difference  between  this  and  the  closer  and  more  severe  system 
of  study  pursued  in  the  other  departments  of  their  education,  and  they  are  apt 
either  to  avoid  work  altogether,  or  to  acquire  their  knowledge  in  a  superficial 
manner.  The  whole  system  of  teaching  science  to  school-boys  is  a  subject  which 
merits  far  more  attention  than  it  has  yet  received,  and  the  success  of  the  move- 
ment must  greatly  depend  on  an  efficient  method  of  teaching  being  adopted.  All 
these,  however,  arc  subjects  the  discussion  of  which  would  carry  me  tar  beyond 
the  limits  of  those  introductory  observations  with  which  it  has  been  customary  to 
open  the  business  of  the  Section.  It  must  be  left  for  its  members  to  bring  forward 
their  own  views  on  these  and  kin(^d  questions. 

On  an  Apparatus  for  indicating  the  Pressure  and  Amount  of  Firedamp  in 

Mines,     By  G.  Ansell. 

On  a  Method  of  Becoverincf  Sulphur  and  Oxide  of  Manganese  used  at  Dieuee, 

near  Nancy,  France,     By  I,  Lowthiak  Bell. 

liemarlcs  on  the  Calculus  of  Chemical  Operations,     By  Dr.  A.  Cruk  Brown, 

After  ob8er\'ing  that,  as  we  have  only  the  first  part  of  Sir  Benjamin  Brodie's 
paper  before  us,  it  is  necessary  to  be  cautious  in  our  criticism,  the  author  enume- 
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rated  his  objections  to  the  system.  Ist  That  the  assumption  of  the  distributive 
law  of  multiplication  is  unnecessary,  and  leads  moreover  to  the  anomalous  result 
that  the  same  direct  operation  does  not  always  produce  equal  results  when  per- 
formed on  the  two  sides  of  an  equation^  thus  x+i/=:jry;  but  multiplying  both 
sides  by  x  we  get  x*  +  xt/  and  x^i/j  which  are  not  equal.  2nd.  That  tne  assump- 
tion (for  which  no  evidence  is  produced^  that  the  unit  of  hydrogen  is  a  simple 
weight,  leads  to  inconvenient  formulad,  tne  symbol  a  being  used  to  express  not 
only  the  quantity  of  hydrogen  in  a  substance,  but  also  what  those  chemists,  who 
use  atomic  language,  would  call  the  number  of  perissad  atoms.  3rd.  That  a  system 
of  notation  substantially  the  same  in  form  as  that  at  present  in  use  might  be  de- 
duced irom  Sir  Benjamin  Brodie's  principles,  upon  the  more  reasonable  convention 
that  bodies  hitherto  undecomposed  are  not  to  be  represented  as  compound.  The 
ordinary  chemical  symbols  might  therefore  be  used  in  a  functional  as  well  as  in  an 
atomic  sense.  

A  Note  on  Messrs.  Wankli/n,  Chapman,  \md  Smith's  method  of  determining 
Nitrogenous  Organic  Matters  in  Water.     By  Dugald  Campbell,  F.  C.S. 

At  the  meeting  of  the  Chemical  Society  on  June  20,  Messrs.  Wanklyn,  Chap- 
man, and  Smith  proposed  to  determine  the  nature  and  amount  of  the  mtrogenoiis 
oiganic  matters  contained  in  drinking  waters  by  the  amount  of  ammonia  given  off* 
when  a  given  quantity  of  the  water  was  distilled  rapidly  with  the  addition  of  cer- 
tain  weights  of  different  reagents  added  at  different  parts  of  the  distillation,  the 
reagents  being  carbonate  of  soda,  caustic  potash,  and  permanganate  of  potash. 
Their  experiments  lead  to  the  conclusion  tliat  when  a  fitre  of  water  is  distilled 
"with  two  grammes  of  carbonate  of  soda,  all  the  nitrogen  of  the  urea  existing  in  the 
water  will  practically  be  found  as  ammonia  in  the  first  300  c.  c.  distilled  over,  and 
that  none  oi  the  nitrogen  existing  in  albumen  or  **  albuminoid''  matters,  which  may 
be  in  the  water,  would  be  evolved  as  ammonia. 

Experiments  were  made  with  pure  distilled  water  containing  respectively  ^, 
rV;  iVy  fl^d  T^ir  parts  of  a  grain  of  urea  in  a  gallon,  and  in  every  case  nitrogen 
itsmained  in  the  water  after  distillation  with  the  carbonate  of  soda,  and  was  evolved 
by  other  means  and  estimated ;  and  it  was  only  when  the  -jl^  part  of  a  grain  of 
urea,  or  less,  was  dissolved  in  a  gallon  of  water  that  the  urea  was  entirely  decom- 
posed by  carbonate  of  soda  and  evolved  as  ammonia. 

Experiments  were  likewise  made  with  white  of  new-laid  egg  equal  to  ^V*  4o> 
jfV*  and  il(f  part  of  a  grain  of  dry  albumen  dissolved  in  a  gallon  of  pure  dis- 
tilled water,  distilling  one  litre  of  each  solution  with  two  grammes  of  caroonate  of 
soda ;  in  every  case  distinct  quantities  of  ammonia  were  evolved  and  estimated, 
and  in  the  last  experiment,  with  white  of  egg  equal  to  the  -^  f^  part  of  a  grain 
of  dry  albumen  per  gallon,  practically,  all  the  ammonia  in  the  albumen  was  evolved, 
there  being  a  loss  of  only  0  000017  ^rain,  a  quantity  so  small  as  to  be  attributable 
to  an  error  in  observation  or  otherwise. 

In  all  the  experiments  the  ammonia  was  estimated  by  Nessler's  test 

On  the  SyntJiesis  of  Formic  Add.     By  A.  R.  Cattok. 


Oh  Loewig^s  Researches  on  the  Action  of  Sodium  Amalgam  on  Oxalic  Ether. 

By  A.  R.  Catton. 

On  a  New  Polarizing  Photometer.     By  W.  Crookes,  F.R.S. 

On  a  Self- Registering  Perpetual  Aspirator.     By  A.'E.  Fletcher,  F.CJS. 

This  instrument  was  contrived  to  assist  in  carrying  out  the  Alkali  Act  of  1803, 
in  cases  where  a  continuous  register  is  required  of  the  acidity  of  the  air  which 
imsses  along  a  flue  or  chimney.  It  is  a  continuous  and  self-acting  a^^pirator,  which 
draws  a  measured  quantity  of  air  from  the  flue  or  chimney  througn  absorption- 
bottles,  and  registers  the  amount  so  drawn. 

It  consists,  hrst,  of  a  small  fan  three  inches  in  diameter.    This  is  placed  in  an 
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openinci^  made  in  the  side  of  the  flue  or  chimney.  The  draught  of  air  entering  by 
this  hole  gives  reyolution  to  the  fan,  and  thence,  by  means  of  an  endless  screw  and 
toothed  wheel,  to  a  crank  which  moves  a  bellows-pump.  This  draws  air  from  the 
flue  or  chimney  by  means  of  a  tube  indoi'ted  through  the  brickwork,  and  causes  it 
to  pass  through  the  absorption-bottles.  The  whole  is  portable,  being  enclosed  in  a 
small  box,  except  only  the  fan,  which  projects  about  three  inches. 

On  an  EiJier  Anemometer  for  Measuring  the  Speed  of  Air  in  Flues  and  Chimneys. 

By  A.  E.  Fletcher,  F,C,S. 

This  instrument  is  contrived  for  measuring  the  speed  of  air  in  pipes,  flues  or 
chimneys  in  cases  where,  from  the  presence  of  heat,  soot,  or  corrosive  vapour,  a 
delicate  mechanism  would  be  inadmissible.  It  has  been  called  an  ether-anemo- 
meter, since  ether  is  employed  in  its  construction ;  by  it  the  speed  of  air  moving 
at  any  greater  rate  than  that  of  nine  inches  per  secona  can  be  measured. 

The  principle  employed  in  its  construction  is  in  part  that  of  the  Gilford's  injector, 
wherein  a  current  of  steam  passing  the  open  end  of  a  tube  is  made  to  produce  a 
partial  vacuum  in  it 

In  the  current  of  air  whose  velocity  is  to  be  measured,  is  placed  a  glass  or  metal 
tube  with  a  plain  straight  end,  and  along  with  it  a  tube  whose  end  is  bent  at  right 
angles  and  cut  ofiP  short  This  bent  end  is  turned  to  &ce  the  current,  while  the 
stmight  tube  is  so  exposed  to  the  current  that  it  passes  along  its  open  end.  The 
difference  of  pressure  m  these  two  tubes  will  then  be  a  measure  of  the  velocity  of 
the  current    The  pull  or  suction  of  the  chimney  will  be  the  same  in  each. 

To  measure  this  difference  of  pressure,  which  for  slow  currents  is  very  small, 
many  methods  were  tried  until  the  present  form  of  apparatus  was  adopted.  It  is 
but  a  modification  of  the  U-tube ;  the  limbs  are  cylinders  of  three  inches  in  dia- 
meter and  four  inches  in  length,  connected  at  the  bottom  by  a  small  horizontal 
tube.  The  liquid  used  is  ether,  on  account  of  its  low  specific  gravity  and  its  mo- 
bility. In  eacn  limb  is  a  hollow  metal  float,  scribed  with  a  fine  line.  The  level  of 
these  lines  is  read  off  by  a  finely  divided  scale  and  vernier  adjusted  by  fine  screws. 
It  is  easy  to  read  to  -y^s  ^<^K*  ^^^  therefore  to  measure  a  pressure  which  is  balanced 
by  a  column  of  ether  y^Vir  ^^^^  high. 

In  order  to  learn  how  to  connect  the  readings  of  the  instrument  with  the  speed 
of  the  air  operating  on  it,  it  was  determined  not  to  depend  on  calculation  only,  but 
to  test  it  against  currents  of  air  of  known  speeds.  For  this  purpose  a  [>ipe  was  con- 
structed fourteen  inches  diameter  and  100  feet  long,  one  end  bein^  in  connexion 
with  a  tall  chimney,  the  other  one  onen.  At  the  open  end  a  hot  bnck  was  placed, 
and  at  a  given  signal  a  drop  of  sulpnuric  acid  was  allowed  to  fall  upon  it.  The 
cloud  of  vapour  thus  raised  passed  along  the  pipe,  and  its  arrival  at  the  distant  end 
was  observed  on  looking  through  two  holes  bored  for  the  purpose.  The  time  was 
noted  by  a  watch  held  to  the  ear.  Having  thus  ascertained  by  two  or  three  trials 
the  speed  of  the  air,  readings  from  the  ether-anemometer  were  taken.  The  speed 
was  uien  altered  by  means  of  a  slide  or  damper,  and  measured  again  by  noting 
accurately  the  time  taken  by  the  cloud  of  vapour  in  travellii^  the  lOO  feet,  and  a 
fresh  reaaing  of  the  anemometer  registered.  In  this  way  a  Table  was  made  em- 
bracing the  greatest  ranffe  of  speed  obtainable  by  the  chimney. 

It  was  clear  from  the  law  of  bodies  in  motion,  that  this  should  obey  the  formula 
p^tf^Xc;  where  p  =  the  indication  of  the  instrument,  v  =,  velocity  of  the  current, 
and  e  some  constant  influenced  by  the  individual  details  of  the  instrument.  From 
the  series  of  experiments  thus  made,  the  value  of  c  was  found  to  be  25-31 :  with 
this  a  complete  table  of  the  values  ofp  from  OOOl  inch  to  1*000  inch  was  calculated. 

The  instrument  is  foimd  to  be  very  satisfactory  and  reliable  in  its  indications. 

It  may  also  serve  as  a  wind-gauge.  A  plain  piece  of  iron  gas- pipe  projectmg 
vertically  above  the  roof  of  the  house  or  observatory,  should  communicate  with 
one  limb  of  the  ether-anemometer.  As  the  wind  blows  over  the  open  end  of  this 
pipe,  a  partial  vacuum  would  be  formed  and  measured  by  the  instrument.  An 
advantage  of  this  arrangement  over  the  wind-gauges  at  present  in  use  would  lie  in 
the  absence  of  idl  moving  parts  whose  friction  might  vary,  and  which  might  pos- 
sibly be  deranged. 
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Table  to  show  the  Speed  of  Currents  of  Air  as  indieated  by  the  Ether  Manometer. 

t?.=  Vi>.X  26-31. 
Temp.  60P  Fahr.  Bar.  80  inches. 


Manometer- 
reading. 
Inches. 

Speed  of  Air. 

Feet  per 

second. 

Manometer- 
reading. 
Inches. 

Speed  of  Air. 
Feet  per 
second. 

Manometer- 
reading. 
Inches. 

Speed  of  Air. 
Feet  per 
second. 

0-001 
0-018 
0-020 
0-030 

0-800 
3-397 
3-580 
4-385 

0O40 
0050 
0-100 
0-200 

5064 

5-648 

8-005 

11-328 

0-300 

.  0-400 

0-500 

1-000 

13-872 
16-011 
17-901 
25-310 

On  the  Befraction  Equivalents  of  Salts  in  Solution.  By  Dr.  Gladstone,  FM^. 

The  ohject  of  this  paper  was  to  desorihe  Bome  preliminary  obaeryatdons  on  the 
effect  which  yarious  salts  dissolTed  in  water  exert  on  a  ray  of  light  transmitted 
through  them.  The  author  in  this  way  expected  to  arriye  at  the  refraction-equi- 
yalents  of  all  the  metals,  and  of  the  suhstances  capable  of  combining  with  them  to 
form  soluble  compounds.  As  yet,  howeyer,  he  rather  indicated  the  method  thaa 
the  results,  as  he  was  unprepared  to  giye  precise  numbers. 

Experiments  for  the  Verification  of  the  Laws  of  Dr,  Henry  and  Daltan  on  the 
Absorption  of  Oases  by  Liquids.     By  Dr.  N.  de  Ehaeikof. 

The  fact  of  absorption  of  gases  by  liquids  was  known  by  natural  philoaopheis 
at  the  end  of  the  seyenteenth  century,  out  the  first  serious  obaeryatdons  on  this 
subject  were  made  by  Cayendish  and  Priestley. 

At  the  beginning  of  this  century,  in  the  Philosophical  Transactions  (1803,  part  1, 
pp.  29-42),  Dr.  Henry  published  a  yery  important  memoir,  '^  Experiments  on  the 
Quantity  of  Gases  Absorbed  byWater,''^in  wnich  he  formulates  the  law  of  absorption 
in  the  following  manner :  '^  The  results  of  at  least  fifty  experiments  on  carbonic 
acid,  sulphuretted  hydrogen  gas,  nitrous  oxide,  oxygenous  and  azotic  gases,  esta- 
blish the  following  gener^  law — that  under  equal  circumstances  of  temperature^  water 
takes  up,  in  all  caseSy  the  same  volume  of  cofidensed  gas  as  of  gas  under  ordinary  pres^ 
sure.  But  as  the  spaces  occupied  by  every  gas  are  inyersely  as  the  compressing 
forces,  it  follows  that  water  takes  upj  of  gas  cofidensed  by  one.ttcoj  or  more  adtUtional 
atmospheres^  a  quantity  whichj  ordinarily  compressed^  would  oe  equal  to  ticiee^  thrieej 
^c.  the  volume  absorbed  under  the  common  pressure  of  the  atmosphere.*^  This  law 
was  accepted  without  change  until  now. 

Nevertheless  it  was  evident  that  so  simple  a  relation  between  the  power  of 
absorption  of  gases  by  liquids  and  the  pressure,  could  only  be  considered  as  a  rough 
approximation,  and  that  in  reality  a  phenomenon  so  intimately  connected  with  me 
molecular  structure  of  the  liquids  could  not  be  expressed  in  such  a  simple  form, 
because  the  unlimited  admission  of  this  law  compelled  one  to  admit  also  an  un- 
limited absorption  of  gases  already  known  to  be  impossible  for  all  gases,  especially 
for  the  condensible  ones.  Dr.  Henry,  from  the  nature  of  the  apparatus  ne  con- 
structed for  his  researches,  could  not  come  to  any  other  conclusion.  His  apparatus 
consisted  simply  of  ajrlass  bell,  in  which  he  introduced  the  absorbing  liquid  and 
the  absorbable  gas»  This  bell  was  connected  with  a  manometer  by  a  tube  of  india- 
rubber,  and  after  the  establishment  of  the  required  nressure,  could  be  separated 
from  the  manometer  and  shaken  by  the  observer  a  long  time,  for  producing  the 
total  absorption.  This  construction  had  two  great  imperfections : — 1st,  it  did  not 
admit  of  a  pressure  of  more  than  three  atmospheres  without  forcing  the  joint ;  and 
2ndly,  the  long  contact  of  the  hands  of  the  observer  with  the  beU  made  yery  un- 
certain the  evaluation  of  the  temperature  of  the  gaseous  volume  before  and  after  the 
absorption.  Saussure  repeated  the  experiments  of  Dr.  Henry  without  changing 
consiaerably  his  apparatus,  and  came  naturally  to  the  same  result  Nearly  rorty 
years  after,  Prof.  Bunsen,  of  Heidelberg,  made  a  valuable  series  of  experiments  on 
the  absorption  of  gases  at  different  temperatures,  but  the  ingeniouB  apparatus  he 
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inyented  fca  this  purpose  could  be  employed  only  under  the  ordmary  pressure  of 
one  atmosphere,  and  left  imtouched  the  relation  established  by  Dr.  Henry  and  Pal- 
ton  between  absorption  and  pressure.  Lately  Messrs.  Hoscoe,  Ditmar,  and  Simms 
have  made  yery  interesting  investigations  on  the  absorption  of  some  highly  absorb- 
able gases,  and  showed  that  the  law  of  Henry  and  Dalton  is  only  exact  for  elevated 
temperatures.  That  was  the  reason  which  induced  my  fiiend  Dr.  Louguinine  and 
myself  to  undertake  a  new  series  of  experiments  on  a  gas  not  so  absorbable  as 
those  investigated  by  Messrs.  Hoscoe,  Ditmar^  and  Simms — ^namely,  on  oarbonic 
acid  etta. 

Before  all  it  was  absolutely  necessary  to  construct  an  apparatus  which  should 
not  have  the  above-mentioned  imperfections  of  the  apparatus  of  our  celebrated 
predecessor  Dr.  Henry.  It  was  evident  that  it  must  consist  of  a  glass  vessel  ex- 
actly gauged  and  arranged  in  such  a  manner  as  to  be  easily  put  in  connexion  with 
a  large  manometer,  and  separated  from  it  in  a  very  short  time.  Secondly,  the 
absorption  must  be  produced,  not  by  shaking  the  apparatus  by  the  hand,  but  by 
moving  it  mechanically  in  a  space  with  an  invariable  temperature.  The  first  re- 
(|uirement  was  easily  obtained  by  luting  to  the  open  end  of  our  absorption-bell  an 
iron  tube  with  a  cork,  and  the  second  by  taking  tne  precaution  of  makmg  the  con- 
tact of  the  absorbincr  liquid  and  the  absorbable  gas  very  perfect  by  revolving  the 
glass  vessel,  containing  the  liquid  and  the  gas,  in  a  great  mass  of  water,  maintained 
constantly  at  the  same  temperature.  These  are  the  two  principal  differences  between 
our  apparatus  and  those  of  our  predecessors ;  and  without  entering  into  more  details 
on  our  experiments,  executed  at  the  Colleae  de  France  in  the  laboratoiy  of  M.  Heg- 
nault,  I  pass  directly  to  the  results  we  obtained  for  carbonic  acid  gas,  and  at  the 
temperatiure  of  16°  C.  or  69°  F. 

If  we  desi^ate  by  eti  the  coefficient  of  absorption  of  a  given  gas  under  the  prea^ 
sm*e  Pp  and  oy  et^  ^^  coefficient  of  the  same  kmd,  but  under  a  higher  pressure  P,, 

a      P 

by  the  law  of  Heniy  and  Dalton  we  must  have  «a :  aisP,  :  P„  or  -^— t^ssO,  or 

(J— i=0 ;  if  we  designate  by  <i,  ^^,  and  by  6,  :p4-.  The  following  Table  contains 

the  values  of  a  and  b  given  by  our  experiments : — 

a,                          6.  a—b. 

1-2307  1'1696  0-0712 

1-9751  •  1-8480  01271 

2-2903  21068  01835 

30797  2-8604  0-2103 

3-3644  3-1360  0-2276 

3-6020  3-3938  0-2982 

3-9361  3-6605  0-2748 

4-2401  3-9247  0  3163 

4-7071  ,  4-4567  0-3104 

In  spite  of  some  small  anomalies  presented  by  these  numbers,  it  is  evident  that  the 
diflerence  o  -  6  is  constantly  increasing  with  the  ]jressure,  so  that  this  discrepancy 
with  the  law  of  Henry  and  Dalton  cannot  be  ascnbed  exclusively  to  the  inevitable 
errors  of  observation. 

From  the  moment  that  the  carbonic  acid  gas  was  liquefied,  it  was  evident  that 
its  coefficient  of  absorption  by  liquids  must  be  zero  for  two  difierent  pressures. 
First,  for  a  pressure  or  nearly  zero;  and  second,  for  the  pressure  which  reduced 
the  gas,  at  a  given  temperature,  to  a  liquid  state.  But  it  so,  it  was  »dso  evident 
that  the  relation  between  the  coefficient  of  absorption  and  the  pressure  could  not 
bo  a  simple  algebraical  and  lineal  function  of  these  variables,  as  it  was  supposed 
by  Honry  and  Dalton,  but  that  this  relation  could  be  more  nearly  expressed  by 

«=A+BP+CP«, 
which  for  «=0  must  give  two  positive  and  real  values  for  P,  and  also 

»=  -  A+BP.-CP^  and  B>A  and  C<B. 

Applying  to  this  equation,  for  the  different  values  of  •  and  P  obtained  by  our 

8* 
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experiments^  the  method  of  least  squares^  we  find  for  A^  B,  and  C  the  following 

values : — 

A=  -0-13269174  with  mean  probable  errors  for  A =4:0-01520946 
B=  +4-21442268  with  mean  probable  errors  for  B=  XO-01393905 
C=  -0-01982625  with  mean  probable  errors  for  C=:+0'00283004. 

These  values  of  A,  B,  and  C  beinp:  put  in  the  equation  « = 0,  give  us  the  two  nume^ 
rical  expressions  of  P,  which  render  the  coeiB^ient  of  absorption  equal  to  zero, 
nameljiT = 0'109  atm.  and  P = 61-144  atm.  At  the  same  time  we  see  that »  becomes 
a  mcLximum  for  P =30-66  atm.,  and  that  for  this  pressure  it  will  be  nearly  18  times 
greater  than  when  P = 1.  The  value  of  P = 61  atm.  is  evidently  the  pressure  required 
for  the  liquefaction  of  carbonic  acid  gas  at  the  temperature  of  16°  C,  and  we  have 
no  direct  experiments  for  the  verification  of  this  number ;  but  if  we  take  the  ob- 
servations of  M.  Regnault  on  the  points  of  ebullition  of  liquid  carbonic  acid  gas  at 
different  pressures,  we  obtain  the  following  Table : — 

DiflTerence  fr««,«^-«f«««  x>^^n  ;«  «*«,         Difference 

of  temperature.        Temperature.  Press,  m  atm.       ^^  ^^^ 

,(5.^  -73-3  C 1-8  o.g 

11-1  ~^'^  ^^'^  6-2 

{ii     -280  16-3     in.K 

\\l     -12-2  208     JJJ 

^^  ^     -  l-l  37-2     ^^  ^ 

If  we  calculate  by  means  of  this  Table  the  pressure  tiecessary  to  liquefy  carbonic 
acid  gas  at  the  temperature  of  lo^  G.,  we  obtain  exactly  the  number  01*1  atmo^ 
spheres. 

Without  attaching  more  importance  than  they  deserve  to  the  above-mentioned 
numerical  expressions  of  A,  B,  C,  and  »  and  P  maxima^  &c.y  which  cannot  be  strictly 
exact,  as  being  concluded  irom  a  too  limited  series  of  experiments,  I  have  mentioned 
them  only  for  showing  that  our  method  of  experimentation  can  give  us,  in  a  com- 
parativelv  easy  way, — 

Ist.  The  values  of  pressure  required  for  the  liquefaction  of  gases ;  and, 
2ndly.  The  numerical  value  of  the  maximum  of  absorption  of  every  gas^  vary- 
ing only  with  the  nature  of  the  gas  and  with  the  temperature. 

Preliminary  Notice  of  Results  07i  the  Composition  of  Wheat  grown  for  iwnfUy 
years  in  successimi  on  tlie  same  Land,  By  J.  B.  Lawes,  F.R,8*,  F,  CJS,,  and 
if.  H.  Gilbert,  Ph.D.,  F.B.S.,  FC.S, 

These  results  had  reference  to  the  produce  of  a  field  in  which  wheat  had  now 
been  grown,  on  some  plots  without  manure,  on  one  with  farm-yard  manure,  and 
on  othere  by  different  artificial  mixtures,  for  twenty-four  years  in  succession 
(1843-4  to  1866-7  inclusive).  At  the  Cheltenham  Meeting  of  the  British  Asso- 
ciation in  1866,  the  authors  treated  of  the  effects  of  season  and  manures  on  the 
composition  of  the  crop  as  illustrated  by  the  results  of  analysis  relating  to  the 
produce  of  some  of  the  plots  during  the  first  ten  years  of  the  experiments  *.  At  the 
Manchester  Meeting,  in  1861,  they  recurred  to  the  subject ;  the  analytical  results, 
which  then  extended  to  the  produce  of  some  of  the  plots  for  sixteen  years,  were, 
however,  chiefly  applied  to  the  illustration  of  certain  points  in  connexion  with  the 
exhaustion  of  soils.  At  the  Nottingham  Meeting,  in  1866,  they  treated  of  the 
accumulation  of  the  nitrogen  of  manure  in  the  soil  of  the  same  experimental  field. 
The  resiilts  adduced  on  the  present  occasion  showed  the  effects  of  season  and 
manuring  on  the  composition  of  both  the  grain  and  the  straw  during  twenty  years 
of  the  experimental  growth. 

The  particulara  of  composition  given  are — the  percentages  of  dry  substance, 
of  mineral  matter,  and  of  nitrogen,  and  the  constituents  of  the  ash  of  both  grain 
and  straw,  more  than  200  complete  ash-analyses  being  brought  to  bear  on  the 
subject;  and,  side  by  side  with  these,  as  indicating  the  general  characters  of  the 

*  **  On  some  points  in  the  Composition  of  Wheat-grain,  its  products  in  the  Mill,  and 
Bread,"  Joum.  Chom,  Soc.  vol.  x. 
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produce  of  the  different  seasons  and  plots,  are  given  the  proportion  of  com  to 
straw;  and  the  weight  per  bushel  of  jthe  com. 

In  the  case  of  the  plots  without  manure,  with  fnrm-yard  manure,  and  with 
ammonia-salts  alone,  eveiy  year,  the  ash  of  the  grain  of  the  last  sixteen,  or  more, 
and  of  the  straw  of  the  last  sixteen,  of  the  twenty  years,  had  been  analyzed ;  and  in 
the  case  of  nine  differently  manured  plots  (including  the  above  three),  the  ash,  of 
both  com  and  straw,  of  the  first,  the  last,  atld  two  mtermediate  seasons  (one  bad 
and  one  good)  of  the  last  twelve  of  the  twenty  years  had  been  analyzed.  It  was 
the  intention  of  the  authors  to  publish  the  results  of  the  investigation  in  detail 
before  long ;  and  on  the  present  occasion  they  confined  attention  to  a  few  of  the 
most  promment  efiPects  or  the  respective  manures  on  the  composition  of  the  crop, 
when  thus  applied  for  so  long  a  continuance,  year  after  year,  on  the  same  plot. 

It  is  first  pointed  out  as  remarkable,  though  fiilly  established  by  their  results 
from  the  commencement,  that  variation  in  manure,  even  though  maintained  for 
many  years  in  succession,  and  residting  in  great  variation  in  amount  of  produce, 
affects  comparatively  little  either  the  proportion  of  com  to  straw,  or  the  weight 
per  bushel  of  the  com  ^  excepting,  indeed,  in  a  few  extreme  cases  of  abnormal 
exhaustion  or  repletion.  Nor  do  the  percentages  of  dry  substance,  of  mineral 
matter  in  dry  substance,  or  of  nitrogen  m  dry  substance,  vary  much  under  the 
direct  influence  of  vanation  in  manure,  unless  again  in  veiy  abnormal  cases. 
Very  different,  however,  is  the  effect  of  season ;  the  variation  in  the  character  of 
the  produce,  in  every  one  of  the  above  particulars,  being  much  greater  in  different 
seasons  with  the  same  manure,  than  witn  different  manures  in  the  same  season. 

Consistently  with  these  broad  facts,  the  composition  of  the  ash  of  the  grain  is 
found  to  be  pretty  imiform  under  a  great  variety  of  manurial  conditions  in  one  and 
the  same  season ;  only  in  a  few  extreme  cases,  of  special  interest,  varying  in  any 
material  degree.  The  same  may  be  said  in  some,  though  in  a  much  less  degree, 
of  the  composition  of  the  ash  of  the  straw,  which  is  obviously  much  more  directly 
afiected  by  the  character  of  the  supplies  within  the  soil. 

The  general  result  is  that  ^excepting  in  a  few  abnormal  cases),  the  variation  iu 
the  composition  of  the  ash  oi  the  grain  is  limited  to  the  slight  variations  due  to 
differences  Of  development]  and  maturation,  which,  in  their  turn,  are  much 
greater  with  variation  of  season  than  with  variation  of  manure.  The  composition 
of  the  ash  of  the  straw,  on  the  other  hand,  much  more  nearly  represents  the  total 
mineral  matters  tc^en  up  by  the  plant,  and  much  less  the  character  of  development 
of  its  own  more  fixed  ana  essential  constituents.  In  other  words,  whilst  there 
may  be  considerable  range  in  the  composition  of  the  matters  taken  up  by  the 
entire  plant,  the  tendency  in  the  formation  and  ripening  of  the  ultimate  product, 
the  seed  (whether  produced  in  small  quantities  or  large),  is  to  a  fixed  and  uniform 
composition,  the  deviation  fi*om  which  is  little  directly  affected  by  the  character  of 
the  supplies  within  the  soil,  but  much  more  by  the  various  influences  of  season. 

The  deviations  from  the  point  of  fixed  and  uniform  composition,  thus  due  pri- 
marily to  variations  in  climatic  circumstance,  are,  however,  when  considered  in 
relation  to  other  characters  of  the  grain,  sufficient  to  show  the  general  connexion 
between  the  comparative  predominance  of  individual  constituents  and  that  of 
certain  general  characters  ef  development.  A  few  illustrations  were  given,  but  the 
fuller  treatment  of  the  subject,  in  its  bearing  on  these  as  well  as  on  other  points, 
was  reserved  until  the  results  could  be  considered  in  the  detail  necessary  to  their 
proper  elucidation. 

One  point  of  interest  prominently  brought  out  by  the  results  relating  to  the- 
composition  of  the  straw-ash  was,  that  a  high  percentage  of  silica  was  almost 
uniformly  associated  with  a  bad,  and  a  low  percentage  with  a  good  condition  of 
the  produce ;  a  fact  to  which  the  authors  had  on  former  occasions  called  attention, 
but  which,  as  was  remarked  by  the  President,  was  quite  inconsistent  with  the 
generally  accepted  views  on  tlijB  subject. 

Note^  of  the  Analyses  of  Gold  Coins  of  Columbia,  New  Oranada,  Chili,  and 
Bolivia;  with  some  account  of  the  operations  of  Cold  Mining  in  Nora 
Scotia.  By  George  Lawson,  'Ph.D,,  LL,D.,  Professor  of  Chemistry,  Dal- 
house  College,  Halifax,  U.S. 
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On  the  present  Uses  of  Lkliens  as  Dife-stuffs, 
By  W.  Laudhb  Lindsay,  M,D.y  F.li.S,  Edinb,,  F.L.8. 
The  paper  treats  of  the  subject  under  two  principal  heads,  viz. : — 

I.  The  Commercial  Dye-liohens  and  Lichen-dyes :  and 

IL  The  Domestic  Dye-lichens  and  Lichen-dyes. 

When  the  aniline  colours  were  introduced  some  years  ago,  technologists  pre- 
dicted with  confidence  the  rapid  disuse  of  lichen-dyes,  on  the  ground  of  the  supe- 
rior beauty  and  permanence,  as  well  as  abundance  and  cheapness,  of  the  former.  Li 
like  manner,  many  years  ago,  scientific  authorities  ventured  to  assert  that  if  there 
lingered  then  in  the  more  remote  comers,  or  less  accessible  districts  of  Scotland 
any  vestige  of  the  domestic  or  home-me  of  lichens  as  dye-stufis — a  practice  which 
at  one  time  largely  prevailed— «uch  a  rude  procedure  or  custom  would  speedily 
disappear  before  the  march  of  civilization,  tne  penetration  of  the  Highlands  bv- 
railways,  the  establishment  of  regular  steam  communication  between  Edinburgh 
or  Glasgow  and  the  western  and  northern  islands,  the  cheapening  and  multipli- 
cation of  coal-tar  and  other  dve-stufis,  and  of  the  printed  goods  (woollen  and 
cotton)  of  Glaupow  and  Manchester,  Hawick,  and  Lieeds.  Investiffations  made 
in  the  course  of  collecting  materials  for  a  work  on  British  Lichenology,  in  pre- 
paration by  the  author  (mcluding  the  results  of  an  examination  of  the  Inter- 
national Exhibitions  of  libndon  and  Paris,  an  inspection  of  the  orchill  manufactory 
of  Messrs.  Burton  and  Garraway  of  Bethnal  Green,  London,  and  of  a  tour  throuen 
the  Hebrides,  Orkney,  and  Shetland  in  May  and  June  1866)  have  led  him  to  tne 
conclusion  that  all  such  predictions  or  assertions,  whether  regarding  lichens  as 
commercial  or  domestic  dye-stuife  in  England  and  Scotland,  are  at  least  premature, 
aad  that  there  is  abundant  evidence  of  a  long  future  of  usefulness  for  bchen  dye- 
BtuSs  in  this  and  other  countries* 

Under  the  head  of 

I,  Commercial  Dye-lichens  and  Lichen-dyes, 

the  author^s  chief  propositions  are  the  following : — 

1«  French  colonsts  especially  appear  to  have  devised  new  processes  for  ensurinp: 
permanence  of  lichen-dyes,  whereby  they  can  now  quite  compete  in  this 
respect  with  the  aniline  colours,  to  whicn  they  have  never  been  inferior  in 
point  of  beauty. 

3.  New  forms  of  lichen-dyes  have  been  patented  j  especially  combinationR  of 
orchill  liquor,  or  its  equivalent,  with  alkalies  or  earths  in  the  form  of  lakes, 
whereof  the  most  familiar  and  important  is  that  known  as  '^French purple^'- 
the  patent  of  Messrs.  Guinon,  Mamas,  and  Bonnet  of  Lyons,  by  whom  it  was 
exhibited  in  London  in  1862. 

3.  While  the  older  dye-lichens  have  (padually  been  given  up,  neto  and  more 
valttable  tinctorial  species  have  been  introduced :  or  the  use  of  some  of  those 
which  were  at  one  time  little  familiar,  has  now  become  greatlv  extended. 
Manufacturers  now  import  almost  exclusively  the  Itoccella ;  and  for  the  most 
part  RocaeUa  fwiformisy  or  its  allies  or  varieties,  as  these  occur  on  trees  in 
tropical  or  subtropical  countries,  near  the  coasts, 

4.  The  finest  tinctorial  forms  of  lioccella  are  F^tatonal,  growing  within  the  limits 
of  10^  north  and  south  of  the  Line. 

5.  The  "orchella  weeds,'*  at  present  of  greatest  value  in  the  British  market,  are 


1.  Mozambique, 

2.  Ceylon, 

3.  ^Vngola, 

4.  Lima  and 
Itonibft 

C.  Cape 


and!  , 

►av    1^"*^' 
Verde, 


6% 


6.  The  principal  importers  of  "  orchella  weeds  "  are  the  Portuguese,  French, 
and  English. 

7.  The  same  species  of  Itoccella  possesses  very  ditfbrcnt    tinctorial  qualities, 
a^^cordmg  to  its  geographical  soiurce, 
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d»  It  is  impossible  to  foretell  or  estimate  the  colorific  value  of  anj  gi yen  new  sam- 
ple of  '*  orchella  weed  "  by  any  tests  or  series  of  chemical  or  other  experiments 

^  an  the  smatt  scale.  It  can  be  determined  only  by  manufacture  on  the  large  scale ; 
and  as  this  is  *an  experiment  that  necessarily  inyolyes  tiie  risk  of  heavy  pecu- 
niary loss^  it  is  not  surprising  that  new  materials  and  new  processes  are 
accepted  or  adopted  with  unusual  tardiness  or  caution» 

0.  The  substitution,  as  an  article  of  import,  of  the  colorific  principles  for  the 
bulky  dye*lichens  themselves  has  not  yet  been  adopted  by  manufacturers, 
though  recommended  strongly  by  chemists. 

10.  New  commercial  sources  of  valuable  tinctorial  BocceUa  have  been  discovered 
— ^new  markets  opened  up.    Their  present  chief  geographical  souroes  are, 

1.  Africa  and  its  islands* 

2.  South  America ;  and 
8.  India  and  its  islands. 

11.  The  commercial  sources  of  "  orchella  weeds  "  of  the  finest  quality  may  yet  be 
greatly  iniiltiolied,  and  are  so  far  from  being  exhausted,  that  they  cannot  yet 
be  said  to  be  fully  developed  or  discovered. 

12.  The  only  visible  effect  of  competition  with  other  dye-stuffs  has  been  greatly 
to  reduce  the  market  value  of  '*  orchella- weeds." 

13.  Nevertheless,  their  products — French  purple,  orchill,  and  cudbear — are  suc- 
cessfully competing  with  the  aniline,  ana  all  other  colours,  of  their  class 
hitherto  introduced. 

14.  So  far  from  being  superseded,  the  import  of  dye-lichens  and  manufacture  of 
Hchen-dyes  in  Europe  is,  pernaps,  now  more  extensive  and  more  flourishing 
than  at  any  previous  period. 

15.  The  manuracture  ofiichen-dyes  in  this  coimtry  has  not  reached  perfection  j 
and  if  with  all  their  imperfecnuns  of  manufacture  they  can  successfully  com- 
pete with  aniline,  whose  preparation  and  applications  are  much  more  highly 
scientific,  thejr  have  little  reason  to  fear  competition  in  the  future,  when 
applied  chemistry  shall  have  lent  its  aid  to  their  proper  production  and 
anplications. 

Unaer  the  head  of 

n.  Domestic  Dye-lichens  and  Lichen-dyes, 

the  author's  chief  propositions  are  as  follow : — 

1.  The  domestic  uao  of  lichen-dyes  is  prevalent  over  whole  districts  in  Scotlaud, 
-—even  in  and  around  large  seaports,  which  have  steam  communication  with 
Glasgow  or  Edinburgh,  sometimes  two  or  three  times  a  week  (e.a,  Stomoway), 
and  which  may  bo  presumed  therefore  to  be  well  supplied  witn  the  cheapest 
and  most  abundant  products  of  British  manufacture. 

2.  In  the  outer  Hebrides  (Lewis  and  Harris)  "  Orottle  » "  (Parmelia  saxatUis) 
is  universally  used  in  the  dyeing  of 

a,  "  Kelt,"  a  home-made  cloth. 
h.  Stockings  and  socles. 

c.  Polkas  and  scarfs. 

d.  Hearthrugs  and  other  ailicles. 

*X  The  articles  of  clothing  so  dyed  are  disposed  of  hy  barter  to  the  merchants 

*  The  term  *'  Crottle  "  or  "  Crotal "  is  also  applicable  gjenerically  to  dye -lichens.  With 
various  descriptire  prefixes,  it  has  been,  or  is,  applied  m  difibrent  parts  of  the  United 
Kingdom  to  otner  species  of  Parmelia^  as  well  as  to  species  of  other  genera,  r.y.,  to 

Parmelia  sasatViSy  var.  ompkalodet  s  blaok  crottle. 

P.  phyaodes  «  dark  crot^e. 

P.  caperaia  =  stone  orottle. 

Leeanora  tartarea  s=  (par  excellence)  orottle. 

L,  patella  s=  light  orottle. 

Isiaitim  coraUinum  =  white  crottle. 

Sficta  pulmonacea  =  hazel  crottle. 

Vide  the  author's  work  on  '  British  Lichens '  (1350),  p.  33G. 
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of  Stomowaj ;  and  aie  subsequently  to  be  met  with  in  the  southern  markets 
(e.  g.  Glasgow). 

4.  Cudbear  is  also  largely  used  in  the  same  islands  (Lewis  and  Harris),  being 
imported  from  southern  markets  via  Glasgow. 

5.  In  Caithness  and  Sutherland  a  similar  use  is  made  of  ^'Crottle/'  Thurso 
being  the  market  and  seaport  to  which  the  home-dyed  produce  is  consigned 
hy  barter, 

6.  Similar  use  is  made  of  ''  Crottle ''  and  other  lichens  (e.  g,  Lecanora  tartareay 
Itamalina  scoptdonimf  Sticta  ptdmonacea),  in  Lochaber,  Badenoch,  and  other 
parts  of  the  Scottish  Highlands. 

7.  The  process  of  dyeing  varies  greatly  in  difierent  districts,  atnmoniaeal  mace- 
ration being  apparently  unknown  in  the  Hebrides,  while  it  is  or  was  generally 
adopted  in  the  central  Highlands. 

The  conclusion  of  the  paper  is  occupied  with  observations  on  the  present  unsa- 
tisfactoiy  character  or  condition  of 

1.  The  chenmtry  of  lichens,  and  more  especially  of  the  lichen-dyes. 

2.  The  lichen-exhibitions  in  oiur  national  Museums ;  and 

3.  Lichenological  literature ;  so  far  at  least  as  this  is  represented  by  standard 
works  of  reference — ^Botanical  and  Chemical 

In  regard  to  the  first  subject  of  complaint,  he  advocates  a  new  series  of  re- 
searches to  be  undertaken  coryointly  by  competent  chemigts  and  Hchenologistg,  so  that 
the  one  may  assist  or  correct  the  investigations  of  the  other :  in  reference  to  the 
second,  a  systematic  arrangement,  by  competent  lichenologists  and  chemists,  wilh 
proper  periodic  supeiTision  and  rearrangement;  and  as  concerns  the  third,  the 
consultation,  by  compilers,  of  original  recent  works  of  research  instead  of  repe- 
tition at  secona  hand  of  the  obsolete  notions  and  errors  of  the  earlier  authors. 


On  a  Neiv  Synthesis  of  Ammonia.     By  P.  T.  Main  and  A.  K.  Cattok. 

Note  on  the  Artijldal  Production  of  Oil  of  Cinnamon. 

By  W.  L.  SooTT. 

On  the  Bisulphite  of  Calcium  as  a  Preservative  of  Animal  Substances. 

By  W.  L.  Scott. 

On  a  Compound  formed  by  the  direct  union  of  Aldehyde  and  Anhydrous  Prussic 
Acid,     By  Maxwell  Simpson,  M,D.,  F,R.S,,  and  A.  Gautikb,  M.D. 

The  s^'Bthesis  of  alanin  from  aldehydate  of  ammonia,  prussic  and  hydrochloric 
acids,  and  the  formation  of  lactic  acid  by  the  action  of  the  same  acids  upon  iJde- 
hyde,  render  highly  probable  the  existence  of  an  intermediate  body,  resulting  from 
the  direct  union  or  prussic  acid  and  aldehyde,  the  formation  of  which  constitutes 
the  first  phase  in  these  reactions.  It  is  this  oody  which  forms  the  subject  of  the 
present  paper. 

If  one  molecule  of  anhydrous  hydrocyanic  acid  be  added  to  one  molecule  of  dry 
aldehyde,  contained  in  a  balloon  surrounded  with  a  freezing  mixtui'e,  the  two 
liquids  mix  without  combining  chemically,  and  their  chemical  combination  is  not 
accelerated  by  heating  at  100°  C.  If,  however,  we  leave  them  in  contact  for  ten 
or  twelve  days  at  the  ordinary  temperature  of  the  air,  they  padually  unite,  form- 
ing a  perfectly  transparent  and  colourless  liquid.  Chi  subjecting  this  to  distillation, 
it  was  observed  that  hardlv  a  drop  passed  over  under  100°  j  a  small  quantitv  be- 
tween 100°  and  174°,  and  'the  remainder  of  the  Hauid  between  174°  and  ISfe''  C. 
On  redistilling  the  latter  portion  it  was  found  that  the  greater  part  passed  over  at 
about  183°  C.  A  considerable  quantity,  however,  came  over  between  40°  and  60^, 
consisting  principally  of  the  parent  bodies,  which  had  been  dissociated  bv  the 
simple  vaporization  of  the  liquid.  On  leaving  these  bodies  thus  dissociatedf  once 
more  in  contact  for  some  days,  the  point  of  ebullition  rose  as  before  to  183^  C. 

*  Tlie  liquid  was  distil  ed  with  great  rspidity. 
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The  fractionB  distilling  at  18(P  and  between  183°  and  184°  C*  gave  on  analysis  the 

following  results : — 

Product  boiling  Product  boiling  Theorj, 

at  180°  C.         between  183°-184°  C.     CNH,aH.O. 

0     49-78     51-70     60-71 

n      7-44     7-64     ;.       704 

N    20-42     19-83 

These  analyses  prove  that  the  body  in  question  results  from  the  direct  combina- 
tion of  one  molecule  of  aldehyde  and  one  molecule  of  prussic  acid,  or  at  least  of 
equal  numbers  of  molecules  of  these  bodies^  and  that  its  point  of  ebullition  is  inter- 
mediate between  180°  and  184°.  We  have  tried  the  above  experiments  on  mix- 
tures containing  the  two  generating  bodies  in  various  proportions,  but  alwavs  with 
the  production  of  the  same  compound.  The  name  we  propose  for  this  body  is 
cyannydrate  of  aldehyde,  which  is  simnlv  founded  upon  its  synthetical  formation. 

lYoperties, — The  cyannydrate  of  alaehyde  is  a  colourless  liquid,  having  a  faint 
odour  of  its  generators ;  it  has  a  bitter  and  acrid  taste ;  it  does  not  crystallize  at 
—  21°  C,  but  becomes  syrupy.  It  can  bear  the  temperature  of  160°  for  a  considerable 
time  without  suffering  decomposition ;  at  180°,  however,  slight  dissociation  com- 
mences, and  the  liquid  must  he  rapidly  distilled  in  order  to  avoid  the  loss  of  a 
considerable  quantity.  It  is  soluble  in  all  proportions  in  water  and  alcohol.  It 
may  be  Heated  with  water  in  a  sealed  tube  to  150°  without  suffering  the  slightest 
decomposition,  and  the  entire  liquid  can  be  recovered  by  distillation.  Caustic  pot- 
ash appears  to  separate  it  into  its  two  generators,  forming  cyanide  of  potassium 
and  resin  of  aldehvde.  A  little  ammonia  is  also  evolved,  owing  probably  to  the 
decomposition  of  the  cyanide  of  potassium. 

Gaseous  ammonia  is  absorbed  oy  cyanhvdrate  of  aldehyde,  with  the  production 
of  a  base,  which  gives  a  precipitate  with  bichloride  of  platinum.  Our  analyses  of 
this  salt  have  not  yet  enabled  us  to  ascertain  the  composition  of  tho  base. 

A  strong  solution  of  hydrochloric  acid  acts  with  great  violence  at  the  ordinary 
temperature  of  the  air  upon  cyanhydrate  of  aldehyde.  If,  however,  the  cyanhydmte 
be  introduced  into  a  balloon  surroimded  by  a  freezing  mixture,  and  the  hydrochloric 
acid  be  added  gradually,  the  two  liquids  mix  wit£out  any  reaction  taking  place. 
On  removing  the  balloon  from  the  freezing  mixture  and  placing  it  in  water  at  tho 
ordinary  temperature,  the  reaction  soon  commences,  and  prooeeos  gradually  till  the 
entire  liquid  becomes  a  mass  of  crystals.  These  were  twice  treated  with  absolute 
alcohol  in  order  to  separate  the  chloride  of  ammonium  which  is  formed.  On  eva- 
porating the  alcoholic  solution  a  syrupy  liquid  was  obtained,  which  was  saturated 
at  100°  with  pure  oxide  of  zinc  and  filtered.  The  filtered  liquid  gave,  on  cooling, 
a  hiass  of  beautiful  prismatic  crystals.  These  were  regnrstallized,  heated  in  an 
oil-bath  to  160'  C,  and  analyzed.  The  numbers  obtained  prove  that  the  body  in 
question  was  the  lactate  of  zinc,  as  will  be  seen  from  the  following  Table : — 

Experi-  Theory, 

ment.  CjH^ZqO-. 

C     29-84  29-63 

H      4-52  4-13 

Zn  26-77  26-75. 

The  following  equation  explains  the  formation  of  this  acid : — 
Cja.fl,  HCN+IlCH-2(ILO)=C3lIoO  +Nn,ci. 

The  insolubility  of  this  salt  in  alcohol,  its  non-decomposition  at  160^,  and  its  crys- 
talline form,  sumciently  prove  that  the  acid  combined  with  the  zinc  was  the  lactic 
acid  of  fermentation,  ana  not  the  sarcolactic. 
The  behaviour  of  cyanhydrine  of  aldehyde  towards  hydrochloric  acid  and  caustic 

Sotash,  proves  that  it  is  isomeric  and  not  identical  with  the  cyanhydrine  of  glycol 
iscovered  by  Wislicenus. 

We  have  endeavoured  to  obtain  the  vapour-density  of  this  body  by  Dumas*s 
method,  but  without  success.  On  heating  the  balloon  containing  our  body  to 
210°  in  an  oil-bath,  wo  observed,  on  removing  it  from  the  bath,  that  tho  aldehyde 
had  been  converted  into  a  resin.  On  deducting  its  weight  from  the  weight  of  the 
balloon,  the  density  of  the  vapour  approached  very  near  that  of  prussic  acid.  It 
appears  to  us,  however,  to  bo  sufficiently  proved  that  this  compoimd  contains  only 
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one  mpleeule  of  each  of  tlie  parent  bodies^  from  the  fact  that  it  ^yes  lactic  acid 
with  hydrochloric  acid^  and  that  it  separates  by  the  action  of  heat  into  prussic  acid 
and  ordinary  aldehyde,  and  not  into  a  polymer  of  aldehyde  such  as  elaldebyde  or 
paraldehyde.- 

The  cyanhydrate  of  aldehyde  is,  in  our  opinion,  a  vertr  striking  example  of  an 
organic  compound  which  the  temperature  of  vaporization  decomposesi  and  the 
prolonged  action  of  tiine  reconstructs. 

On  the  Formatitm  of  Succinic  Acid  from  Chloride  of  Ethiflidene. 
By  Maxwell  Simpsok,  Jlf.2).,  FJtS. 

Some  years  ago  *  I  ascertained  that  when  bromide  of  ethylene  is  successively 
treated  with  cyanide  of  potassium  and  caustic  potash,  ordinary  succinic  acid  is 
formed.  This  reaction  has  since  been  confirmed  by  M.  Geuther  t>  who,  however, 
employed  chloride  instead  of  bromide  of  ethylene. 

It  occunred  to  me  that  it  would  be  interesting  to  ascertain  whether  the  chloride 
of  ethylidene  would,  when  subjected  to  the  same  treatment,  produce  the  same  or 
an  isomeric  acid.  One  would  naturally  expect  the  latter  result,  seeing  that  the 
constitution  of  the  chloride  of  ethylidene  is  different  from  that  of  the  chloride  of 
ethylene.  The  following  formulse  will  make  this  intelligible,  and  show  the  pro- 
bable constitution  of  the  isomeric  acid : — 


CHjCl 

0H,C1 

Chloride  of 
ethylene. 

CllsOy 

cn,Oy 

Cyanide  of 
ethylene. 

0H2(OOOH)' 

CIl2(C00H)' 

Ordinary 
Bucdnio  acid. 

CH, 

CHCl, 

dhloride  of 
ethylidene. 

OH3 

CHOy, 

Cyanide  of 
ethylidene. 

on, 

CII(COOII), 
Iflomerio  acid. 

It  is  to  be  observed  that  in  the  transformation  of  cyanide  of  ethylene  into  ordi- 
nary succinic  acid,  the  group  COOK  takes  the  place  of  each  equivalent  of  cyanogen. 
In  the  ^unsformation  of  cyanide  of  ethylidene,  it  is  to  be  supposed  that  the 
cyanogen  is  replaced  in  a  similar  manner,  with  the  formation  of  an  isomeric  acid. 
In  order  to  determine  this  point,  I  made  the  following  experiments : — 
A  mixture  of  one  equivalent  of  pure  chloride  of  ethylo  chlor^,  which  is  identical 
with  the  chloride  of  ethylidene,  two  equivalents  of  pure  cyanide  of  potassium,  and 
a  large  quantity  of  alcohol  was  exposed  in  a  sealed  matrass  for  twenty-seven  hours 
to^  a  temperature  ranging  between  160®  and  18(P  Cent.  I  had  previously  anser- 
tained  that  a  high  temperature  was  necessary  in  order  to  produce  a  reaction.  At 
the  expiration  of  the  above-mentioned  time  the  matrass  was  opened  and  its  con- 
tents filtered.  The  filtered  liquor  was  then  treated  with  solid  potash,  and  after- 
wards exposed  to  the  temperature  of  a  water-bath  till  ammonia  ceased  to  be 
evolved.  When  this  was  obssrved,  the  alcohol  was  distilled  ofi^,  and  nitric  add 
added  in  excess  to  the  residue.  Finally,  this  was  evaporated  to  dryness  at  a  low 
temperature,  and  the  liberated  organic  acid  taken  up  by  alcohol.  By  dissolving 
in  absolute  alcohol,  and  crystallizing  from  water,  the  add  was  obtained  quite  pure. 
The  quantity  of  acid  formed  was  not  large.  Dried  at  100°  Cent,  it  gave  the 
following  numbers  on  analysis: — 

Theory. 
Succinic  acid.  Experiment. 


per  cent. 

c* 

48 

40-67 

40-88 

H« 

6 

610 

5-55 

0* 

64 

64-28 

ft  )f 

118      10000 

*  Philosophical  Transactions  for  1801. 

t  Annalen  dcr  Chcmie  und  |*liarinacio.  Band  cxx.  S.  2G8. 
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It  had)  theO)  the  composition  of  succinic  acid.  That  it  was  the  ordinary  acid 
was  sufficiently  proved  by  the  following  properties  and  reactions : — It  melted  at 
179^  Gent.,  ana  sublimed  in  the  form  of  needles  on  the  application  of  a  higher 
temperature.  The  vapour  produced,  on  bein^  inhaled,  instant  coughing  and  a 
painful  sensation  in  the  nostrils.  The  neutralized  acid  gave  an  abundant  brown 
precipitate  on  the  addition  of  perchloride  of  iron.  This  test  was  tried  both  before 
and  after  the  body  in  question  had  been  treated  with  nitric  acid,  and  with  the 
same  result. 

The  only  explanation  I  can  ffive  of  the  formation  of  ordinary  succinic  acid  in 
this  case  is,  that  the  chloride  of  ethyle  chlord  was,  in  presence  of  tiie  cyanide  of 
potassium,  partially  converted,  by  the  high  temperature  to  which  it  had  Deen  sub- 
jected, into  chloriae  of  ethylene,  one  equivalent  of  hydrogen  changing  its  place 
with  one  equivalent  of  chlorine : — 

CH3  CH3CI 

CllCla ""        CII3CI. 

Since  the  above  was  written  I  perceive  that  M.  Wichelhaus  •  has  formed  the 
isomeric  acid  from  cyanpropionic  acid.  The  diflerence  between  it  and  the  ordinary 
acid  is  well  marked.  Its  melting-point  is  4GP  lower,  and  it  does  not,  when  neutra- 
lized, give  a  pfecipitate  with  perchloride  of  iron. 

These  results  correspond,  to  a  certain  extent,  with  the  researches  of  M.  Caventou, 
who  has  shown  that  ordinary  glycol  can  be  obtained  from  the  bromide  of  ethyle 
brom^.  

On  the  Gaseous  Products  of  the  destructive  distillation  of  ffydrocarhons, 
obtained  from  iSliales  and  Coals  at  Low  and  Hiyh  Temperatures,  By  11. 
F.  Smith.  

On  the  Eeonomization  of  Sulphurous  Acid  in  Copper  Smelting* 

.    By  Peter  Spence,  F,C.S. 

Lord  Derby  (in  1861^  obtained  the  appointment  of  a  committee  of  the  House  of 
Lords  for  obtaining  evidence  as  to  the  noxious  vapours  from  chemical  and  other 
works.  That  investigation,  earned  over  luanv  months,  resulted  in  the  passing  of 
the  Alkali  Works  Act,  so  ably  and  successfully  carried  out  by  Dr.  Afagus  Smith 
as  inspector. 

A  large  amount  of  evidence  was  elicited  by  the  committee  as  to  the  emission  of 
sulphurous  acid  and  arsenious  acid  from  the  copper  smelting  works  of  Swansea 
ana  other  parts  of  the  kingdom,  but  no  legislation  was  adopted  as  to  these  works, 
because,  with  the  exception  of  the  writer  of  this  paper,  all  the  witnesses  testified 
to  there  being  no  practicable  means  of  suppressing  the  acknowledged  nuisance 
without  destroy inff  the  trade. 

The  object  of  tnis  paper  is  to  show  that  the  means  then  proposed  to  the  Lords' 
Committee  by  the  writer  for,  to  a  large  extent,  suppressing  this  nuisance,  by  the 
conversion  of  the  sulphurous  acid  into  sulphuric  acid  by  the  aid  of  furnaces  of  the 
writer's  invention,  have  since  then  been  in  large  and  successful  operation  at  the 
Goole  Alum  and  Smelting  Company's  works  at  Goole  in  Yorkshire,  who  are  at 
this  present  time  smelting  200  tons  per  week  of  copper  ores,  four-fifths  of  the 
sulphur  which  these  ores  contain  being  converted  into  sulphuric  acid. 

About  two  months  previous  to  the  reading  of  this  paper  the  writer  sent  one  of 
his  chemical  assistants  to  Goole  to  superintend,  during  a  month,  some  large  expe- 
riments in  the  ordinary  course  of  work,  analyzing  the  results  at  every  stage,  so  that 
reliable  data  might  be  obtained. 

One  of  these  experiments  is  given^  and  as  it  is  typical  of  the  general  operations, 
it  may  be  taken  as  indicating  what  is  being  done. 


10-^  tons  Cornish  ores,  containing  19  per  cent,  sulphur. 
13}  tons  Spanish  small?,  containing  4/  per  cent,  sulphur. 

24  tons. 

*  Zeitfichrift  fur  Chemie,  Neuo  Folge  iii.  Band,  S.  247. 
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Total  sulphur. 
Tom.  cwt,  on.  lbs. 
These  ores  mixed  gave  33-3  per  cent  of  sulphur =    8    0    0    0 

The  ore  calcined,  the  SOa  all  going  to  the  vitriol  chamber, 
yielded  22  tons  calcined  ore,  containing  8  per  cent 
sulphur =     1  15    0    0 

The  whole  smelted  gave  of  regulus  2  tons  16  cwt,  contain- 
ing 28  per  cent  smphur =     0  15    1  20 

Loss  of  sulphur  in  this  stage 0  19    2    8 

The  2  tons  15  cwt.  regulus  was  calcined,  the  SO^  again 
going  to  the  vitriol  chamber,  and  gave  2  tons  10  cwt.  con- 
tainmg  9  per  cent  sulphur =     0    4    2  20 

All  which  must  be  dissipated — loss 1    4    1    0 

Sulphur  economized    6  16    3    0 

Or  .  8    0    0    0 

Sulphur  economized 84*8  per  cent 

Sulphur  lost   16-4  per  cent 


On  the  Preservation  of  Stone.     By  John  Spilleb,  F,C.S. 

For  several  years  past  the  author  has  been  studying  the  causes  of  the  decay  of 
stone,  and  experimenting  with  such  chemical  reagents  as  appeared  to  offer  any 
promise  of  being  usefully  applied  as  means  of  prevention.    At  an  early  stage  of 
the  investigation  it  seemed  probable  that  the  corrosive  action  of  sulphurous  and 
sulphuric  acids  iti  the  atmosphere,  resulting  from  the  combustion  of  coal  fuel, 
would  operate,  in  large  towns  especially,  in  a  destructive  manner  upon  dolomito 
and  the  numerous  class  of  limestones  commonly  employed  in  piibhc  buildimrs. 
This  chemical  action,  aided  by  the  simultaneous  attack  of  carbonic  add  and  mois- 
ture,  and  in  the  winter  season  further  supplemented  by  the  disinteirratin^  effects 
of  frost,  are  conceived  to  furnish  a  sufficient  explanation  of  all  the  mots  oDserved. 
Dr.  Angus  Smith,  Mr.  Spence,  and  others  having  already  directed  attention  to  the 
immense  scale  of  production  of  these  sulphur-acids,  the  author  proceeded  to  quote 
statistical  data  shovnng  the  extent  or  degree  of  pollution  of  the  air  from  this  cause 
in  the  manufactmin^  distiicts  of  Lancashire.     Numerous  samples  of  dolomite, 
Caen,  Bath,  and  Portland  stones  fresh  from  the  quaiTy  have  been  tested,  but  with- 
out finding  more  than  a  trace  of  ready-formed  sulphate,  whereas  scrapings  taken 
from  the  decayed  portions  of  the  stone  of  the  New  Palace  at  Westminster  were 
bitter  to  the  taste,  in  consequence  of  the  comparatively  large  amount  of  sulphate 
of  magnesia  formed  during  a  few  years*  exposure  to  the  sulphurous  gases  occurring 
in  a  metropolitan  atmosphere.     Caen  stone  from  several  Duildyigs  and  localities, 
Portland  stone,  and  even  old  faces  of  chalk  cliff  in  the  neighbourhood  of  Woolwich, 
were  in  like  manner  found  to  contain  appreciable  quantities  of  the  sulphate  of 
lime,  having  undoubtedly  a  similar  origin.     A  close  examination  into  the  circum- 
stances attending  the  decay  of  stone  at  the  Houses  of  Parliament  invariably  shows 
an  increased  liability  to  corrosion  under  the  projecting  eaves  and  mouldings,  and 
at  such  sheltered  pa^s  of  the  stone  surfaces  as  are  usually  covered  with  soot  and 
dust,  and  are  in  a  position  to  retain  for  the  longest  period  the  moisture  absorbed 
during  a  season  or  rain.    In  nian^  cases  the  disinte^ated  stone  exhibits  white 
crystfus  of  the  sulphate  of  magnesia,  which  alternately  dissolving:  and  reciystal- 
lizing  in  the  pores  of  the  stone,  may  be  conceived  to  exert  a  disruptive  action 
sufficient  to  account  for  the  scaling  and  fracture  of  the  dolomite,  which  hos  hcen 
so  often  observed.     With  the  view  of  overcoming  some  of  these  difficulties,  the 
author  submitted  a  plan  to  the  Koyal  Commissioners  chaiged  with  inquiring  into 
the  decay  of  stone  at  Westminster,  in  May  1861,  which  consisted  in  the  applica- 
tion to  the  cleaned  surfaces  of  the  stone  of  an  aqueous  solution  of  superphosphate 
of  lime — ^a  salt  remarkable  for  its  action  in  hardening  the  surfaces  of  chalk,  Caen 
stone,  or  other  calcareous  building-stone  to  which  it  may  bo  applied,  either  by 
brushing  or  immersion,  and  which  acts  upon  the  carbonate  of  lime  in  the  stone, 
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giying  rise  to  the  formation  of  Bodeker*8  salt  (crystallized  diphosphate  of  lime — 
20aO^  HO,  P0<  +  4  Aq).  This  suggestion  received  a  practical  trial  at  the 
Houses  of  Paniament,  in  a  competition  to  which  five  othdr  candidates  were 
admitted  by  the  Right  Hon.  the  Fbrst  Commissioner  of  Her  Majesty's  Works  in 
April  1864. 

Another  promising  scheme  for  the  treatment  of  the  decayed  stone,  especially 
applicable  to  dolomite,  consists  in  the  employment  of  baryta  conjointly  with  the 
haidening  salt,  so  that  a  base  may  be  presented  which  is  endowed  with  the  power 
of  destroying  the  soluble  sulphate  of  magnesia  in  the  pores  of  the  stono;  forming 
with  it  ike  remarkably  insoluble  sulphate  of  baryta,  and  at  the  same  time  engaging 
the  magnesia 'in  one  of  its  most  difficultly  soluble  combinations.  On  a  recent 
occasion  this  process  was  applied  to  some  Caen-stone  facings  at  St.  John's  Church, 
Woolwich,  wnich  were  badQy  decayed.  Several  examples  of  the  application  of 
the  superphosphate  to  decayed  Caen,  stone  were  referred  to ;  and  with  respect  to 
Portland  stone,  the  earliest  experiments  were  said  to  have  been  made  at  the  Army 
Clothing  Establishment,  Woolwich,  where  (in  1861)  some  decayed  window-sills 
were  treated  with  perfect  success. 

In  connexion  with  the  treatment  of  Portland  stone,  some  interesting  results 
were  then  described,  which  serve  to  illustrate  the  increased  hardness  and  strength, 
and  the  diminished  rate  and  capacity  of  water-absorption  attending  the  employ- 
ment of  the  superphosphate.  By  treating  small  cubes  of  Portland  stone  with  the 
phosphate  solution^  and  when  dry  subjectmff  them  to  gradually  increasing  pressure 
until  crushed  between  plates  of  lead  in  the  American  Testmg  Machine  at  the 
Hoyal  Gun  Factory,  it  was  found  that  the  breaking  weight  of  the  stone  was  aug- 
mented by  50  per  cent.  The  increased  hardness  of  the  stone  after  treatment  could 
be  readily  ascertained  by  scratching  with  a  pointed  instrument  of  copper,  which 
metal  proved  to  nossess  a  degree  of  hardness  intermediate  between  the  original 
and  treated  Portland  stones.  The  porosity  of  the  stone,  as  indicated  by  the 
amount  of  water  absorbed,  proved  to  be  greatly  diminished  in  the  case  of  the 
treated  cubes.  The  advantf^e  of  the  process  is  most  clearly  apparent  in  the  denser 
and  more  compact  variety  of  Portland  known  as  the  *'  Whit  Bed,"  which  alone  is 
employed  for  external  building  purposes;  that  known  as  the  "  Base  Bed,"  is  softer, 
ana  only  fit  for  internal  decoration,  and  its  texture  is  so  porous  that  in  becoming 
saturated  it  absorbs  nearly  10  per  cent  of  water.  Samples  of  Mansfield  dolomite 
absorbed  amounts  of  water  varying  in  different  specimens  from  6  to  8  per  cent. 
After  treatment  by  this  process,  the  degree  of  absorption  was  reduced  one  naif,  and 
the  results  were  even  more  favourable  in  the  case  of  Caen  stone.  The  cost  of 
materials  employed  in  the  treatment  of  stone  according  to  this  plan  is  very  trifling, 
and  bears  but  a  small  proportion  to  the  cost  of  labour  necessarily  expended  upon 
the  cleaning  and  preliminary  preparation  of  the  stone  before  the  solution  can  be 
applied.  One  gallon  of  solution  will  cover  about  250  feet  superficial,  when  two 
coatings  are  applied  upon  Caen  or  Portland  stone.  The  superpnosphate  employed 
must  not  contam  any  appreciable  amount  of  sulphuric  acid,  ana  the  specific  gravity 
of  the  solution^  when  diluted  for  use,  should  be  about  1*1. 


On  certain  New  Processes  in  Photography.     By  John  Spillee,  F,C,S. 

Under  this  head  were  described  several  interesting  improvements  in  photographvy 
based  on  the  chenustiy  of  gelatine.  The  processes  to  which  reference  was  made 
were  the  various  modifications  of  the  Woodbury  type,  including  the  new  method 
of  micro-photo-sculpture,  the  art  of  photolithography,  as  practised  in  the  Royal 
Arsenal  at  Woolwicn,  and  some  illustrations  of  the  use  of  gelatine  or  albumen,  on 
a  foundation  of  silk,  satin,  or  cambric,  the  work  of  Mr.  H,  B.  Pritohard,  of  the  War 
Department.  The  Hon.  H.  Fox  Talbot  was  one  of  the  first  to  describe  and  make 
a  practical  use  of  the  action  of  light  upon  a  mixture  of  gelatine  and  a  soluble 
bichromate;  and  after  him  Col.  Sir  II.  James^  Mr.  Swan,  of  Newcastle,  and  Mr. 
Woodbury^  of  Manchester,  have  applied  the  same  chemical  princi^e  in  new  direc- 
tions. It  is  known  that  the  chemical  rays  of  light  have  the  elFect  of  rendering 
insoluble  gelatine  to  which  a  bichromate  lias  been  added ;  and  it  would  appear  that 
this  oxidizing  salt  hardens  the  animal  substance  by  forming  with  it  a  combination 
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of  chromio  oxide.  In  proof  of  this  yiewy  it  may  be  stated  that  Mr.  Swan  btfs  lately 
devised  a  mode  of  working,  in  which  a  minute  quantity  of  chrome  alum  or  sulphate 
of  chromium  is  used  instead  of  the  red  cbromate,  and  it  is  found  that,  when  oriod, 
this  mixture  is  not  again  affected  by  water.  The  carbon  prints  of  Mr.  Swan,  which 
were  exhibited  last  year  at  Nottin^am,  are  illustrations  of  the  use  of  a  chromate 
in  conjunction  with  ffelatine  and  pigments.  Mr.  Woodbury's  process  is  also  based 
on  the  insolubility  of  the  ohromo-gelatine  after  exposure  to  light,  and  upon  the 
subsequent  action  of  water  upon  a  sensitive  film,  which  has  been  in  dOiferent  degrees 
influenced  by  insolation  under  an  ordinary  photographic  neg^ative.  The  depths  of 
tint  in  the  original  are  represented  by  variations  m  the  taickness  of  the  film  of 
gelatine  left  unacted  upon  oy  water,  and  this  dried  may  then  be  used  as  a  matrix 
to  produce  a  corresponding  series  of  depressions  upon  a  surface  of  lead  or  type- 
metal  by  the  aid  of  a  powerful  hydraulic  press.  The  blocks  so  produced  serve  for 
printing  off  a  great  number  of  proofs  when  they  are  liberally  "inked"  with  warm 
gelatine,  highly  charged  with  Frankfort  black  or  other  suitable  pigment,  and  pressed 
down  upon  a  smooth  sheet  of  paper  until  the  excess  of  ink  is  forced  out  on  all  four 
sides  of^the  block  and  so  removed  from  the  space  constituting,  the  area  of  the  pic^ 
ture,  which,  when  set,  is,  lastly,  protected  with  a  varnish  of  collodion, 

Mr.  Woodbury  has  lately  perfected  a  modification  of  his  process,  which  is  ap« 
plieable  to  the  representation  in  high  relief  of  microscopic  objects.  The  method 
consists  in  spreading  a  warm  solution  of  gelatine,  containing  a  little  sugar  and 
bichromate  of  potasn,  over  a  glass  plate  previously  coated  with  collodion.  The 
film  sets  on  cooling,  and  is  then  placed  in  contact  with  an  ordinary  photographic 
negative  of  the  microscopic  objects  to  be  delineated,  exposed  to  light,  submitted  as 
berore  to  the  action  of  water,  and  the  soluble  portions  washed  away.  Wlien  the 
surface  moisture  has  evaporated,  a  mixture  of  piaster  of  Paris,  containing  a  small 
proportion  of  alum,  is  poured  over  the  relief  to  the  thickness  of  half  an  inch,  and 
left  to  set.  When  dry  it  will  be  found,  owing  to  the  alum  in  the  plaster  harden* 
ing  the  surface  of  the  gelatine  directly  on  comingin  contact  therewith,  to  leave  the 
gelatine  easily,  without  any  fear  of  adhesion.  To  give  a  finished  appearance  to 
me  resulting  casts,  this  intaglio,  when  dry,  may  be  placed  in  a  lathe,  and  a  suit- 
able border  turned  on  it,  which  will  be  represented  in  the  resulting  proofs  by  a 
raised  border,  similar  to  what  is  seen  on  medallions  or  plaster  casts.  The  name  of 
the  object  may  also  be  neatly  engraved  on  the  intaglio,  to  appear  in  raised  cha- 
racters on  the  reliefs.  This  intaglio  should  then  be  well  waxed  to  fill  up  the  poresi 
and  is  ready  for  teking  any  nmnber  of  impressions  in  plaster ;  or  a  better  plan  is  to 
tiEdce  one  in  plaster,  and  having  smoothed  awav  any  defecte,  to  mould  a  reverse  in 
sulphur,  which  will  give  a  greater  number  of  mie  impressions.  The  progress  made 
during  the  year  in  perfecting  the  deteils  of  photolithography  have  led  to  tha 

Sractical  use  of  this  art  as  a  means  of  prociuinv  on  a  reduced  scale  printed  repro* 
uctions  of  the  large  series  of  lithograpns  issued  for  the  use  of  the  British  army  by 
the  Royal  Carriag^e  Department.  The  steps  followed  in  conducting  this  proceaa 
were  briefly  described,  and  a  variety  of  illustrations  produced  at  a  very  low  cost 
were  exhibited.  The  issue  of  these  photolithographs  Dy  the  War  Department  has 
already  attained  to  many  thousands. 

Synthesis  of  Cajproic  Acid.     By  J.  Alfred  Waitkltn  and  Bobert  Schrnk. 

Mercury-amyl  was  prepared  by  the  process  of  Frankland  and  Duppa,  and  con- 
verted into  zinc-amyl  by  prolonged  digestion  with  ainc. 

The  purity  of  the  mercury-amyl  had  been  guaranteed  by  a  determination  of  mer- 
cury which  agreed  with  the  theory. 

The  zinc-amyl  was  sealed  up  with  sodium  and  heated  in  the  water-bath.  The 
action  of  the  sodium  is  very  slow.  Having  prepared  sodium-amyl,  we  exposed  it 
to  the  action  of  dry  carbonic  acid,  which  acted  energetically,  evolving  heat.  The 
product  of  the  reaction  was  treated  with  water,  evaporated  down  to  dryness,  and 
the  residue  distilled  with  dilute  sulphuric  acid.  An  oily  acid  distilled'  over,  and 
was  converted  into  a  baryta  salt.  The  baryta  salt  was  submitted  to  analysis,  giving 
resulte  concordant  with  the  theory.  Carbonic  acid,  therefore,  behaves  with  sodium- 
amyl  just  as  with  sodium-ethyl  and  sodium-methyl, 

002+NaC5H„ = CeHjiNaOa. 
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On  the  Exi$i€tm  of  Putrescible  Matter  in  Biver  and  Lake  W(Hkr^* 

By  J.  Alfbbd  Wavkxyjt, 

Action  of  Sodium  on  Valerianie  and  similar  Ethers, 
By  J,  Alfred  WAintLTN. 

On  the  Electrical  Resistances  of  the  Fixed  and  Volatile  Oils  *, 

By  T.  T.  P,  Brtjcb  Warren. 

The  want  of  an  acknowledged  and  reliable  means  of  reeognizinflr  the  purity  or 
condition  of  samples  of  oils  nas  long  been  felt  by  phannaceutiBt&  No  tests,  or 
system  of  tests  at  present  used,  are  free  from  objection.  An  inspecticm  of  the  optical 
cnaraeters  of  the  oils,  whether  fixed  or  volatile,  will  be  sumcient  to  confirm  tbe 
truth  of  this  observation. 

The  polariscope  has  at  best  a  yeiy  limited  scope  of  application,  whilst  the  deter^ 
mination  of  the  refractive  or  dispersive  qualities  requires  such  precise  adjustments 
that  the  suitability  either  of  the  one  or  the  other  for  the  purposes  of  a  technical 
test  may  be  fairly  questioned.  The  refractive  power  of  the  oils,  both  fixed  and 
volatile,  has  so  small  a  variation,  that  the  difierence  produced  on  the  refractive 
power  of  any  oil  by  the  addition  of  a  small  quantity  of  another,  would  ba  barely 
perceptible.  The  objection  against  the  measurement  of  the  dispersive  action  as  a 
means  of  expressing  the  value  of  an  oil  is,  that  the  determination  of  the  differences 
of  indices  oi  refraction  for  the  extreme  ravs  is  at  once  tedious  and  unreliable ;  the 
scale  of  dispersions  offers,  however,  a  much  wider  range  of  differences. 

It  is  probable  that  the  comparison  of  two  samples  of  oil  by  ^e  irrationalities  of 
their  dispersion  is  worthy  of  some  attention.  Tne  author  is  not  aware  of  its  being 
applied  as  a  test ;  but  the  samples  could  stand  side  by  side  with  respect  to  the 
illuminating  source,  and  their  spectra  projected  side  by  side  could  be  easuy  observed 
and  compared. 

Although  bromine  and  iodine  exert  on  some  of  the  essential  oils  chemically 
characteristic  effects,  it  does  not  appear  certain  to  what  extent  the  action  may  be 
modified  by  the  addition  of  small  quantities  of  other  oils ;  consequently  the  che- 
mical phenomena,  as  well  as  a  knowledge  of  their  specific  gravities  and  boiling- 
points,  cannot  be  considered  as  offering  any  assistance  to  the  detection  of  accidental 
or  intentional  impurities  when  existing  in  small  quantities. 

The  process  which  the  author  submitted  is  one  which  has  given  great  satis- 
faction in  all  the  experiments  which  he  has  made,  and  was  suggested  by  a  discovery 
due  to  M.  Rousseau,  quoted  b^  I)e  la  Rive,  "  that  olive-oil^  when  mixed  with  -^\^ 
part  its  volume  of  oil  of  poppies,  increased  the  number  of  vibrations  of  a  magnetic 
needle  in  a  given  time,  when  the  same  was  included  or  made  to  form  part  of  a 
voltaic  circuit''  This  isolated  fact  would  be  of  service  for  the  determination  of 
the  puritv  of  olive-oil,  if  oil  of  poppies  were  the  only  sophisticating  ingredient. 

The  aaulterants  of  Uie  volatile  oils  ore  principally  turpentine  and  alcohol  t* 

Compared  with  any  of  the  essential  oils,  turpentine  has  an  immense  resistance, 
whilst  that  of  alcohol  is  enormously  lower  than  any  of  them,  except  perhaps  that 
of  oil  of  bitter  almonds,  which  is  so  low  that  he  did  not  measure  it. 

The  importance  of  this  general  fact  is  at  once  apparent,  since  the  addition  either 
of  alcohol  or  turpentine  in  the  smallest  quantity  is  readily  detected ;  and  the  quan- 
tity denoted  by  tne  variation  in  the  deflection,  either  whefi  compared  with  a  standard 
of  Known  purity,  or  by  tho  resistances  themselves. 

The  oils  of  lemon  and  bergamot,  when  mixed  with  a  small  proportion  of  tur- 
pentine, do  not,  however,  show  such  marked  differences  as  the  generality  of  the 
essential  oils. 

The  addition  of  turpentine  to  oil  of  lavender  is  more  strongly  marked  by  this  test 
than  in  any  other  case. 

The  effects  produced  by  mixing  different  specimens  of  the  same  oil  together  are 

*  Published  in  eetmso  in  the  •  Chemical  News*  for  Sept.  20,  18G7. 
t  The  foreign  oil»  are  no  doubt  sometimes  entirely  substituted  for  the  English  oils,  or 
largely  diluted  with  them, 
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also  perceptible ;  thus  the  German  oils  of  peppermint;  or  foreign  samples  of  lavonder- 
oily  produce  modifications  in  the  electrolysis. 

The  bleached  oils  have  even  a  lower  conducting  power  than  the  unbleached  oils ; 
and  in  this  respect  olive-oil  possesses  a  greater  difference  than  almond-oiL  It  is 
not  easy  to  explain  this. 

A  singular  aifference  exists  between  the  Italian  and  the  East  Indian  castor-oils. 
This  diiterence  will  enable  one  to  detect  a  very  small  percentage  of  the  one  added 
to  the  other. 

Cotton-seed-oil  and  oil  of  poppy,  as  weU  as  turpentine,  are  so  rapidly  altered  in 
their  conducting  power  by  electrolysis,  that  there  is  not  the  slightest  difficulty  in 
recognizing  them  in  samples  of  oil. 

Olive-oil,  when  free  m)m  cotton-seed-oil  or  oil  of  poppy,  has  its  resistance  in- 
creased by  electrification ;  but  if  the  smallest  quantity  of  either  of  them  exist  in  a 
sample  of  oHve-oil,  it  produces  a  contrary  efiect  by  a  prolonged  contact  with  the 
battery. 

These  results  of  electrolysis  are  alone  important  in  determining  the  condition  of 
a  sample  of  olive-oil.  

On  a  New  Manufacturing  Process  for  the  Perpettuil  Regeneration  of  the  Oxide 
of  Manganese  used  in  the  Manufacture  of  Chlorine.     By  Walter  Weldox. 

.  Every  process,  previous  to  that  to  be  described  in  the  present  paper,  by  which 
it  has  been  attempted  to  regenerate  oxide  of  manganese  from  the  residues  of 
the  manufacture  oi  chlorine,  nas  been  performed  in  the  dry  way,  and  has  thus 
required  considerable  time,  and  has  involved  not  only  at  least  one — more  or  less 
troublesome  and  costly — ^fumace  operation,  but  also  several  i-emovals  of  the  mate- 
rial from  vessel  to  vessel  and  from  place  to  place,  every  such  removal  of  course 
entailing  more  or  less  loss  of  material.  The  process,  however,  which  is  about 
to  be  described  is  performed  in  the  wet  waj,  and  may  be  completed,  even  when 
operating  on  the  largest  scale,  within  as  bttle  as  one  hour.  Moreover,  all  the 
operations  of  the  process  are  performed  in  the  same  vessel  as  that  in  which  the 
oxide  produced  by  it  is  afterwards  employed  to  react  with  hydrochloric  acid,  and 
from  this  vessel  or  still  the  manganese  is  never  removed,  so  that  it  is  entirely 
free  from  risk  of  loss  b}''  removal ;  and  as  it  is  not  subject  to  any  other  cause  of  loss, 
a  charge  of  manganese,  once  put  into  a  still,  when  treated  by  this  process,  not  only 
never  needs  to  l^  replaced,  but  never  needs  even  to  be  added  to,  while  it  will  libe- 
rate an  equivalent  or  chlorine  every  few  hours  for  literally  any  length  of  time.  The 
starting-point  of  any  process  for  the  regeneration  of  the  oxide  of  mangimese  em- 
ployed in  the  manufacture  of  chlorine,  must  of  course  be  that  residue  which  is 
known  as  *'  still-liquor  "  being  that  which  remains  in  the  stills  when  oxide  of  man- 
ganese and  hydrocliloric  acid  have  been  digested  together  until  all  the  chlorine 
which  the  oxide  is  capable  of  liberating  from  the  acid  has  been  liberated  and  given 
ofl*.  When  working  with  a  native  oxide  of  manganese,  the  still-liquor  contains,  in 
addition  to  a  quantity  of  protochloride  of  manganese  equivalent  to  the  quantity  of 
oxide  of  manganese  which  has  been  dissolved,  a  considerable  quantity  or  free  acid^ 
and  more  or  less  chlorides  of  iron  and  other  bases,  due  to  the  native  oxide  of  man- 

fanese  being  always  more  or  less  associated  with  other  oxides.  When  working, 
owever,  with  the  artificial  oxide  of  manganese  produced  as  is  about  to  be  described, 
the  still-liquor  contains  scarcely  anything  whatever  but  protochloride  of  manga- 
nese ;  and  the  new  process  consists  simply  in  first  adding  an  eauivalent  of  lime  to 
this  liquor,  without  removing  the  liquor  from  the  still,  and  tiien  blowing  atmo- 
spheric air  through  the  resulting  mixture  of  protoxide  of  manganese  and  solution 
of  chloride  of  calcium.  The  white  protoxide  is  thereby  rapidly  converted  into  a 
very  dark-coloured  higher  oxide ;  and  when  this  product  has  been  allowed  to  sub- 
side from  the  solution  of  the  chloride  of  calcium  in  which  it  was  formed,  and  the 
greater  part  of  that  solution  has  then  been  drawn  ofi'fi'om  it,  it  is  ready  to  be  treated 
with  hydrochloric  acid,  from  which  it  then  liberates  chlorine,  with  reproduction  of 
exactly  as  much  protochloride  of  manganese  as  was  commenced  with.  From  this 
point  the  very  simple  series  of  operations  described  is  repeated  just  as  before,  and 
so  on,  over  and  over  again,  for  any  required  number  of  times.    The  manganese  is 
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thus  constantly  undergoing,  always  in  one  and  the  same  vessel,  a  round  of  regularly 
recurring  changcB  of  state  of  combination,  by  which  it  passes,  first  from  the  stats  of 
protochlonde  to  that  of  protoxide,  next  from  the  state  of  protoxide  to  that  of  a 
nigher  oxide,  capable  of  lioerating  chlorine  from  hydrochloric  acid,  then  back  again 
to  the  state  of  protochloride^  and  so  on  continually. 


GEOLOGY. 


Address  by  Uie  President,  Abchibald  Geikie,  F.B.S.,  F,G.S, 

Ahono  the  Lower  Silurian,  the  oldest  recognizable  volcanic  rocks  in  this  country, 
two  principal  epochs  of  eruption  have  been  detected  by  Professor  Kamsay  and  his 
colleagues  of  the  Geological  Survey.  One  of  these  occurred  during  the  deposition 
of  the  Llandeilo  rocks,  and  is  indicated  by  the  igneous  rocks  of  Aran  Mowddwy, 
Cader  Idris,  Arenig,  and  Moelwyn ;  the  other  is  marked  by  those  of  the  Snowdon 
district,  which  lie  among  the  Bala  beds.  These  volcanic  rocks  consist  partly  of 
massive  sheets  of  felstone,  varying  in  texture  and  colour,  and  partly  of  thick  accu- 
mulations of  tufi*  or  ash.  Tlie  former  are  true  lava-flows,  the  latter  point  to  fre- 
quent showers  of  volcanic  dust,  and  to  the  settling  of  such  dust  and  stones  on  the 
sea-bottom,  where  they  mingled  with  the  ordinary  sediment,  and  with  shells,  corals 
and  other  or^nisms.  Some  of  these  ashy  deposits  attain  a  great  thickness.  Thus, 
at  Cader  Idris,  they  are  about  2500  feet  thick,  the  accumulated  result  of  many 
eruptions.  Northwards  this  mass  thins  entirely  away,  and  the  ordinary  sedimentary 
strata  take  its  place.  Equally  local  are  the  massive  beds  of  felstone  which  repre- 
sent the  submarine  lava-flows  of  the  time.  Sometimes  they  still  preserve  the 
slaggy  vesicular  character  which  marked  their  surface  when  the  melted  rock  was 
in  a  state  of  motion  along  the  sea-bottom — an  evidence  of  the  existence  and  posi- 
tion of  true  submarine  volcanoes  during  the  Lower  Silurian  period  in  Wales.  In 
the  lake  district,  similar  proofs  of  volcanic  action  have  been  foimd  among  the  lower 
Silurian  rocks  of  that  region.  In  Scotland,  no  very  distinct  traces  of  volcanic  acti- 
vity have  yet  been  detected  among  rocks  of  the  lower  Silurian  age.  In  the  Lower 
Silurian  rocks  of  the  south-west  of  Ireland,  beds  of  ash  and  felstone  arc  intcrstra- 
tified,  resembling  in  general  character  and  mode  of  occurrence  those  of  Wales.  In 
Wales,  volcanic  action  does  not  appear  to  have  outlasted  the  Lower  Silurian  period ; 
but  in  Ireland,  among  the  headlanos  of  Kerry,  massive  sheets  of  ash  are  intercalated 
in  grits  and  slates,  which,  from  their  fossils,  have  been  assigned  to  the  age  of  the 
Wenlock  series. 

The  Old  Ked  Sandstone  of  the  southern  half  of  Scotland  abounds  in  igneous 
rocks,  from  the  base  of  the  series  to  the  top.  In  its  lower  band  lie  the  chains  of 
the  Sidlaw  and  Ochil  Hills,  and  many  detached  masses  scattered  over  the  lowlands 
along  the  southern  flank  of  the  Grampians.  These  ara  composed  of  different  fel- 
Btones  and  porphyrites,  with  interbedded  sheets  of  tuff,  trappean  conglomerate,  and 
sandstone,  stretching  in  the  Ochil  and  Sidlaw  range  for  sixty  or  seventy  miles,  and 
rising  here  and  there  to  heights  of  2000  feet  above  the  level  of  the  sea.  This 
group  of  hills  contains  some  of  the  thickest  masses  of  trappean  rock  in  the  country. 
In  wnat  seems  to  be  a  middle  portion  of  the  formation  comes  the  group  of  the 
PenUand  Hills,  consisting  of  long  massive  beds  of  trap,  like  the  different  varieties 
in  the  Ochils,  with  inteicalations  of  tuff,  conglomerate,  and  sandstone,  the  whole 
reaching  a  thiclmess  of  fully  6000  feet.  In  Ireland  also  the  Old  Ked  Sandstone 
furnishes  evidence  of  active  volcanic  vents.  Nor  are  traces  of  volcanic  activity 
wanting  in  England  during  the  same  great  geological  period.  In  Cornwall  and 
South  I)evon  irequent  proofs  have  been  recognized  of  contemporaneous  igneous 
action  among  the  limestones  and  slates  of  the  Middle  Devonian  series,  and  thence 
through  the  Upper  Devonian  into  the  lower  part  of  the  Carboniferous  group.  These 
consist  in  frequent  bands  of  trappean  ash,  and  of  crystalline  amygdaloidal  and 
vesicular  greenstone  or  other  trap.    The  ash  passes  by  insensible  degrees  into  the 
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ordinary  sedimentary  strata  of  the  series,  sometimes  containing  fossHa,  and  in  certain 
places  so  interlaced  with  bands  of  limestone  as  to  have  been  quarried  for  lime. 

The  base  of  the  Carboniferous  series  in  Cornwall  and  South  Devon  is  marked  by 
the  occurrence  of  ash  and  crystalline  amygdaloid^l  greenstone  similar  to  the  igneous 
masses  in  the  neighbouring  Devonian  rocks.  In  the  centre  of  England  the  well- 
known  toad-stones  of  Derbyshire  indicate  intermittent  volcanic  activ-ity  during  the 
formation  of  the  carboniferous  limestone.  They  consist  of  three  principal  beds  of 
trap,  averaging  each  about  60  or  70  feet  in  thickness,  preseiTing  their  course  for 
many  miles  between  the  strata  of  limestone,  probably,  as  pointed  out  W  Mr.  Jukeei, 
the  result  not  merely  of  one  eruption,  but  rather  of  different  flows  from  distinct 
vents,  and  uniting  into  one  sheet  along  a  common  floor.  Passing  into  Scotland,  we 
And  the  carboniferous  formation  of  the  broad  midland  valley  full  of  the  most  stri- 
king evidences  of  volcanic  activi^^^  In  the  west,  great  sheets  of  different  porphy- 
rites,  v«ith  interbedded  tuffs,  sandstones  and  conglomerates,  lie  in  the  lower  part 
of  the  formation,  and  rising  in  broad  masses  bed  above  bed,  form  that  conspicuous 
chain  of  terraced  heights  which  stretches  from  near  Stirling  through  the  range  of 
the  Campsie,  Kilpatnck,  and  Eenfrewshire  hills,  to  the  banks  oi  the  Irvine  in 
Ayrshire,  and  thence  westward  by  the  Cumbrae  Islands  and  Bute,  to  the  south  of 
Arran.  .  In  the  eastern  districts,  instead  of  such  widespread  sheets  of  volcanic  rock, 
the  Carboniferous  series  includes  hundreds  of  minor  patches  of  tuff,  dolerite,  basalt, 
and  poi*phyrite.  The  area  of  the  Lothians  and  Fife  seems  to  have  been  dotted  over 
with  innumerable  little  volcanic  vents,  breaking  out  and  then  disappearing  one 
after  another  during  the  lapse  of  the  Carboniferous  period  up  to  at  least  the  close 
of  the  carboniferous  limestone.  The  very  limited  area  occupied  by  the  erupted 
material  is  often  remarkable.  A  mass  of  ash  100  feet  thick  or  more  may  be  found 
intercalated  between  certain  strata,  yet  at  a  distance  of  a  mile  or  two  the  same 
strata  may  show  no  trace  of  any  volcanic  material.  Nowhere  is  this  feature  more 
wonderfully  exhibited  than  in  the  coal-field  of  Dairy  in  the  nortliem  part  of  Ayr- 
shire. The  black-band  ironstone  of  that  district  appears  to  have  been  deposited  in 
hoUows  between  mounds  and  cones  of  volcanic  tufr,  sometimes  GOO  feet  high,  round 
and  over  which  the  later  members  of  the  Lower  Carboniferous  formation  were  de- 
posited. Hence  the  shafts  of  the  pits  are  sometimes  sunk  fori 00  fathoms  through 
the  tuff;  and  at  that  dejpth  mines  are  driven  horizontally  through  the  volcanic  rocks 
to  reach  the  ironstone  beyond.  The  great  carboniferous  limestone  series  of  Ireland 
contains  evidence  that  here  and  there,  at  various  intervals  during  its  formation, 
minor  volcanic  vents  were  active  on  different  parts  of  the  searbottom. 

Among  the  Permian  sandstones  of  the  soutn-west  of  Scotland  there  occur  some 
interesting  proofs  of  contemporaneous  volcanic  action.  In  Nithsdale,  and  still  more 
conspicuously  in  the  centre  of  the  Ayrshire  coal-field,  these  sandstones  contain 
towards  their  base  a  thick  group  of  dark  reddish-brown  amygdaloidal  porphjTitea 
and  tuffs.  Connected  with  these  rocks  are  numerous  bosses  of  a  coarse  volcanic 
agglomerate,  which  descend  vertically  through  the  coal-measures,  altering  the  coal. 
They  are  the  "necks"  or  orifices  from  which  was  ejected  the  volcanic  material 
which  now  forms  a  conspicuous  range  of  rising  groimos  overlying  the  heart  of  the 
coal-basin  of  Ayrshire. 

The  New  Red  Sandstone  series  of  Devonshire,  in  the  neighbourhood  of  Exeter, 
fiunishes  clear  proofs  of  volcanic  activity.  Sheets  of  a  dark  reddish-brown  fel- 
spathic  rock,  sometimes  compact  or  porphvVitic,  but  usually  of  scoriaceous  character, 
are  intercalated  among  the  lower  parts  of  the  Red  Sandstone  series  of  that  neigh- 
bourhood. Sir  Henry  De  la  Beche,  who  described  these  igneous  rocks  many  years 
ago,  noticed  that  the  more  compact  portions,  instead  of  extending  horizontallv  as 
beds  among  the  sedimentaiy  strata,  descend  vertically  through  them,  as  if  t&eae 
detached  parts  marked  the  site  of  some  of  the  orifices  whence  the  melted  lava  was 
runted. 

The  series  of  successive  volcanic  phenomena,  which  may  thus  be  traced  through 
the  paloeozoic  i-ocks  of  the  British  Islands  up  to  the  New  Red  Sandstone,  is  now 
abruptly  broken.  I  am  not  aware  of  any  satisfactory  proofs  of  contemporaneous 
volcanic  rocks  among  the  secondary  roclis  of  Britain,  save  in  the  Red  Sandstone  of 
Devonshire  just  referred  to.  Following  a  suggestion  of  Prof  Edward  Forbes,  I 
formerly  regarded  the  great  trappcan  masses  of  Skj-e  and  the  other  western  islands 
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as  probably  of  Oolitic  age.  But  more  recent  investigations  in  Antrim,  Hull,  and 
Eigg,  have  convinced  me  that  in  these  districts,  and  probably  also  in  Bkye.  the 
great  basaltic  plateaux  which  form  so  conspicuous  a  feature  in  the  scenery  of  our 
north-western  sea-board,  date  from  tertiary  times.  From  Antrim  ^orthwards 
through  the  inner  Hebrides  and  the  Faroe  Islands  to  Iceland  there  is  a  broken 
chain  of  volcanic  masses,  part,  and  not  improbablv  the  whole,  of  which  axe  of 
]\[iocene  age.  In  Ireland  sheets  of  dolerite  and  basalt,  in  all  600  or  600  feet 
thick  and  some  1200  square  miles  in  extent,  repose  directly  upon  an  eroded  sur- 
face of  chalk.  In  Mull,  similar  plateaux,  overlaid  with  masses  of  porphyrite  and 
trachyte-like  rocks^  attain  a  united  thickness  of  more  than  3000  feet,  yet  at  their 
base  they  contain  recognizable  plants  of  Miocene  species.  This  vast  depth  of  old 
lav&s  and  tufi&  points  to  a  lengthened  continuance  of  volcanic  activity  along  the 
north-western  margin  of  our  country — an  activity,  however,  marked  by  prolonged 
periods  of  repose,  as  the  Scuir  of  Eigg  and  the  coal  and  shales  of  Mull  sufficiently 
prove.  These  masses,  vast  though  they  be,  are  by  no  means  the  only,  if  they  are 
mdeed  the  chief,  relics  of  Tertiary  volcanic  action  m  Britain.  K,  starting  from  the 
basaltic  plateaux  of  the  north  of  Ireland  or  of  the  inner  Hebrides,  we  advance  to- 
wards the  south-east,  we  soon  observe  that  an  endless  number  of  trap-dykeSi 
striking  from  these  plateaux,  extends  in  a  south-easterly  direction  athwart  our 
island.  The  south-western  half  of  Scotland  and  the  northern  parts  of  England  are, 
so  to  speak^  ribbed  across  with  thousands  of  dykes.  These  are  most  numerous 
near  the  main  mass  of  igneous  rock,  whence  they  become  fewer  as  they  recede 
towards  the  North  Sea.  Usually  a  dyke  cannot  be  traced  far.  In  Berwickshire 
and  the  Lothians,  these  E.  and  W.  or  N.W.  and  S.E.  dykes,  often  less  than  half  a 
mile  long,  are  well  shown ;  in  Ayrshire  they  become  still  more  numerous,  tra- 
versing the  coal-field  and  altering  the  coal-seams ;  in  Arran  and  Cantyre  tl^eir 
number  still  increases,  until,  after  a  wonderful  profusion  of  them  in  Islay  and  Jura, 
they  reach  the  ^eat  volcanic  chain  of  the  inner  Hebrides.  From  their  manifest 
intimate  connexion  with  that  chain,  from  the  fact  that  they  cut  through  all  the 
formations  they  encoimter  up  to  and  including  the  chalk,  and  that  they  cross  faults 
of  Qvery  size  that  may  lie  in  their  way,  I  regard  these  dykes  as  of  tertiary  age.  If 
this  inference  is  sustained,  as  I  have  little  doubt  it  will  be^  by  a  more  detailed 
investigation  of  the  north-western  districts,  it  presents  us  with  striking  evidence 
of  the  powerful  activity  and  wide  range  of  tne  volcanic  forces  in  our  country 
during  the  Miocene  period.  With  these  dykes,  and  the  Tertiary  igneous  masses 
from  which  they  proceed,  the  record  of  volcanic  action  in  Britain  appears  to 
close. 

Let  mc  now  allude  to  one  or  two  portions  of  this  broad  subject  which  seem  to 
me  worthy  of  special  notice.  One  of  the  first  features  to  arrest  attention  is  tbe 
singular  persistence  of  volcanic  phenomena  in  a  limited  area.  Take,  as  an  illustra- 
tion, the  neiffhbourhood  of  Edinburgh  within  a  radius  of  ten  miles  from  the  town. 
First  and  olaeat  comes  the  long  range  of  the  Peutland  and  Braid  hills,  consisting 
of  a  mass  of  bedded  igneous  rocks  in  a  middle  series  of  the  Old  Red  Sandstone. 
These  old  lavas  reach  a  thickness  of  4000  or  6000  feet.  Next  in  chronological 
order  are  the  Calton  Hill  and  lower  portion  of  Arthur's  Seat,  which  mark  the  con- 
tinuance of  volcanic  action  into  the  Lower  Carboniferous  period.  The  carboni^rous 
rocks  for  miles  around  these  hills  are  full  of  the  traces  of  contemporaneous  volca- 
noes, sometimes  in  the  form  of  sheets  of  tuf!  marking  the  occun*ence  of  little 
detached  tuff^ones,  sometimes  in  wider  areas  of  tufl^,  basalt,  and  dolerite.  where  a 
group  of  minor  volcanic  vents  threw  out  showers  of  ash  and  streams  of  lava.  To 
the  east  rise  the  isolated  Garlton  Hills,  which  date  from  before  the  carboniferous 
limestone ;  westwards,  scores  of  little  basaltic  crags  and  rounded  tufi-hills  mark 
out  the  lower  carboniferous  volcanoes  of  Linlithgowshire.  To  the  north,  the  end- 
loss  crags,  hills  and  hillocks  of  the  Fife  coast  contain  the  record  of  many  eruptions 
from  the  middle  of  the  calciferous  sandstones  high  up  into  the  carboniferous  lime- 
stf)ne  group.  Even  the  coal-measures  of  that  county  are  pierced  with  intrusive 
Ijos^es  of  trappean  agglomerate,  which  indicate  the  position  of  volcanic  vents,  pos- 
si])ly  of  Permian  ago.  The  same  or  a  more  recent  date  must  be  assigned  to  the 
later  unconformable  agglomerate  and  basalt  of  Arthur's  Seat.  Nor  is  this  the 
whole.     Latest  of  all  come  innumerable  trap-dykes,  running  with  a  prevalent  east 
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and  west  trend,  and  cutting  through  all  the  other  rocks.  Here,  then,  in  this  little 
tract,  about  the  size  of  a  small  English  county,  there  are  the  chronicles  of  a  long 
series  of  volcanic  eruptions,  beginning  in  the  middle  of  the  Old  Red  Sandstone^ 
and  coming  down  to  a  time  relatively  so  near  our  own  as  that  of  the  Miocene 
rocks.  Nor  is  this  by  any  means  an  exceptional  district  Illustrations  of  a  similar 
persistence  of  volcanic  action  may  be  gathered  in  many  other  tracts  of  equally 
limited  extent. 

Another  &ct  which  a  general  survey  of  the  character  of  our  volcanic  rocks 
soon  brings  before  us,  is  that,  as  a  whole,  those  of  earlier  date  differ  distinctively 
in  composition  from  those  of  more  recent  origin.  From  the  first  traces  of  volcanic 
activity  in  this  country  up  to  about  the  close  of  the  Old  Bed  Sandstone  or  begin- 
ning of  the  Carboniferous  series,  the  interbedded  (»'.  e.  contemporaneous)  igneous 
rocks  consist  for  the  most  part  of  highly  felspathic  masses,  to  which  the  names 
of  clinkstone,  claystone,  compact  felspar,  porphyry,  homstone,  felstone,  &c  have 
been  given.  On  the  other  hand,  from  the  upper  part  of  the  Old  Red  Sandstone, 
or  the  lower  members  of  the  Carboniferous  series,  up  to  the  end  of  the  long 
history,  the  erupted  masses  are  chiefiv  augitic,  as  basalts  and  dolerites  (or  green- 
stones, as  the  latter  have  been  usually  termed  iu  Scotland^.  Were  these  rocks 
subjected  to  further  and  more  detailed  chemical  examination,  additional  know- 
ledge might  possibly  be  acquired  respecting  the  history  of  the  changes  which  have 
taken  pl^e  within  the  crust  of  the  earth.  As  geologists,  it  is  important  to  note 
that,  though  two  classes  of  volcanic  rocks  can  thus  be  determined  by  analysis  of 
their  composition,  no  broad  essential  distinctions  appear  to  be  traceable  in  their 
mode  of  occurrence.  Certain  minor  differences  are,  indeed,  readily  observable, 
such  as  the  greater  thickness  of  the  beds  among  the  older  rocks,  and  the  more 
frequent  occurrence  of  columnar  structure  among  the  newer.  Perhaps  these  and 
other  distinctions  may  eventually  give  us  a  general  type  for  each  class.  Never- 
theless, in  its  broader  features  there  would  seem  to  have  been  a  striking  unifor- 
mity in  volcanic  action  from  the  earliest  times  down  to  our  owu  day. 

l!his  leads  me  to  remark  that  a  study  of  the  igneous  rocks  of  Britain  furnishes 
no  proofis  that  volcanic  action  lias  been  slowly  diminishing  in  intensity  during  past 
geological  time.  The  amount  of  volcanic  material  preserved  in  our  Old  Red  Sand- 
stone group  probably  exceeds  that  of  our  Silurian  system,  even  after  all  due  allow- 
ance for  tne  greater  denudation  of  the  older  senes.  The  number  of  distinct 
volcanic  centres  traceable  among  the  Carboniferous  rocks  in  like  manner  surpasses 
that  of  the  earlier  formations.  13ut  by  much  the  most  extensive  mass  of  volcanic 
material  in  these  islands  belongs  to  the  latest  epoch  of  eruption — ^that  of  the 
Miocene  period.  In  one  mountain  alone,  Ben  More,  in  Mull,  these  youngest  lavas 
rise  over  each  other,  tier  above  tier,  to  a  height  of  more  than  3000  feet ;  yet  their 
base  is  concealed  under  the  sea,  and  their  top  has  been  removed  by  denudation. 
We  have  here,  therefore,  no  proof  of  a  slow  diminution  of  volcanic  activity.  The 
period  separating  the  Miocene  basalts  from  the  New  Red  Sandstone  trap-rocks, 
which  seem  to  come  next  to  them  in  point  of  recentness,  was  immensely  vaster 
than  that  which  has  elapsed  between  the  Miocene  basalts  and  the  present  time. 
There  is  thus  no  improbability  in  the  eventual  outbreak  once  more  of  the  subter- 
ranean forces.  Nay,  further,  were  a  renewed  series  of  volcanic  eruptions  to  take 
5 lace  now,  they  might  in  the  far  distant  future  be  thrown  together  with  those  of 
liocene  date,  as  proofs  of  one  long  period  of  interrupted  volcanic  activity,  just  as 
we  now  group  the  igneous  rocks  of  the  Lower  Silunan,  or  of  any  other  geological 
formation :  so  near  to  us,  in  a  geological  sense,  arc  those  latest  and  grandest  of  our 
volcanic  phenomena. 

Among  the  different  foims  assumed  by  our  icpaeous  rocks,  one  of  the  most  in- 
teresting, and,  at  the  same  time,  most  full  of  dimcidty,  is  that  of  the  trap-dykes. 
To  my  own  mind  there  are  few  parts  of  the  geology  of  the  coimtnr  so  hard  to 
understand  as  the  extravasation  of  the  thousands  of  dykes  by  which  the  north- 
western portion  of  this  island  is  so  completely  traversed.  For  "the  reasons  already 
assigned,  I  would  refer  the  leading  system  of  these  dykes  to  the  same  geological 
age  as  the  Tertiary  volcanic  rocks  of  the  north-west.  Yet  we  find  them  rising  to 
the  surface,  and  extending  for  leagues,  to  a  distance  of  fully  200  miles  from  the 
nearest  point  of  the  basaltic  plateaux.    Did  they  reach  the  surface  originally  P    If 
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80,  were  they  connected  with  outflows  of  dolerite,  now  wholly  removed  by  denu- 
dation ?  I  confess  that  this  supposition  has  often  presented  itself  to  me  as  carryinf^ 
with  it  much  probability.  It  seems  to  me  unlikely  that  so  many  thousands  of 
dykes  should  have  risen  so  high  as  the  present  surface,  retainingr  there  (as  shown 
by  deep  mines)  much  the  same  proportions  as  they  show  many  fathoms  down, 
and  yet  that  none  of  them  should  have  reached  the  surface  which  existed  at  the 
time  of  eruption.  I  regard  it  as  much  more  probable  that  some  of  them,  at  least, 
rose  to  daylight,  and  flowed  out  as  coulees,  even  over  parts  of  the  south  of  Scot- 
land and  north  of  England,  where  all  trace  of  such  surface-masses  has  long  been 
removed.  Some  of  the  surface-masses  of  dolerite  in  these  districts  may  indeed  be 
of  Tertiary  age ;  yet  the  proofs  which  the  great  Miocene  basaltic  plateaux  present 
of  enormous  aenudation  are  so  striking  as  to  make  the  total  disappearance  of  even 
wide  and  deep  lava-currents  quite  conceivable.  But  a  much  more  serious  difiiculty 
remains.  These  dykes,  as  a  rule,  do  not  come  up  along  lines  of  fault,  yet  they 
preserve  wonderfully  straight  courses,  even  across  fractured  and  irregular  strata. 
Each  dyke  retains,  as  a  rule,  a  tolerably  uniform  breadth,  and  its  sides  are  sharply 
defined,  as  if  a  dean,  straight  fissure  had  been  widened  and  filled  up  with  solid 
rock.  In  the  coal-mines  of  Ayrshire,  for  instance,  the  miners  have  driven  through 
the  dyke  and  found  the  coal,  altered  indeed,  but  at  the  same  level,  at  the  other 
side.  More  than  this,  the  dykes  are  found  cutting  across  large  faults  without  any 
deflection  or  alteration.  In  short,  no  kind  of  geological  structiure,  no  change  in 
the  nature  of  the  rocks  traversed,  seems  to  make  any  difierence  in  the  dvkes. 
These  run  on  in  their  straight  and  approximately  parallel  courses  over  hill  and 
valley  for  miles.  The  larger  faults  ot  this  coimtr^r  tend  to  talce  a  north-easterly 
trend,  and  correspond  in  a  general  way  with  the  strike  of  the  formations.  At  right 
angles,  or  more  or  less  obli(][uely  to  these,  ore  numerous  faults  of  lesser  magnitude, 
which  follow  roughly  the  dip  of  the  rocks.  But  though  these  different  systems  of 
fissures  already  existed,  and,  as  we  might  suppose,  would  have  served  as  natural 
pathways  for  tne  escape  of  the  subterranean  melted  rock  towards  the  surface,  the 
fatter  rose  through  a  new  series  of  fractures,  often  running  side  by  side  with  those 
of  older  date.  How  were  these  new  fractures  produced  ?  and  how  is  it  that  they 
should  run  through  all  formations,  up  to  and  including  the  older  parts  of  the 
Miocene  basalts,  not  as  faults,  with  u  throw  on  one  side,  but  as  clean,  straight 
fissures,  with  the  strata  at  the  same  level  on  each  side  ?  I  do  not  pretend  to 
answer  these  questions.  Let  me  only  remark  that,  had  the  trap-rock  been  itself 
the  disrupting  agent,  it  would  have  risen  through  the  older  fractures  ^hich  already 
existed  as  the  planes  of  least  resistance.  The  new  fissures  must  be  assigned  to 
some  far  more  general  force,  of  the  action  of  which  the  trap  itself  furnishes  per- 
haps additional  evidence. 

Another  feature  of  our  igneous  rocks  deserving  more  special  consideration  is  the 
occurrence  among  them  of  true  vents,  or  the  sites  of  volcanic  orifices.  A  very 
considerable  number  of  these  vents  is  filled  up  with  a  coarse  agglomerate,  consist- 
ing of  fragments  of  different  trap-rocks,  with  pieces  of  the  surrounding  sedimentary 
strata.  &uch  vents  are  sometimes  not  larger  than  a  dining-table.  In  many  cases, 
where  the  material  filling  them  is  fine  in  texture,  it  is  well  stratified ;  but  its  beds 
are  on  end,  or  thrown  into  different  inclined  positions.  The  strata  ai'ound  them 
are  much  indurated,  and  frequently,  perhaps  usually,  are  bent  sharply  down  round 
the  margin  of  the  vent,  as  if  the  ash  or  agglomerate,  from  contraction  or  otherwise, 
had  sumc  and  pulled  the  adhering  strata  do%vn  with  it.  Instructive  sections  of 
these  rocks  abound  along  the  coast  line  of  Fife  and  East  Lothian,  and  they  occur 
likewise  in  Ayrshire.  One  other  part  of  the  subject  may  be  alluded  to  as  deserving 
of  inquiry.  There  seem  to  be  indications  that  local  fcut  well-marked  metamor- 
phism  and  the  extravasation  of  syenitic  and  granitic  rocks  have  taken  place  in 
connexion  with  some  of  our  most  recent  volcanic  phenomena.  In  Skye,  Mull,  and 
Arran  the  association  of  such  crystalline  rocks  with  sheets  or  dykes  of  dolerite  and 
basalt  should  be  worked  out  carefully.  The  volcanic  rocks  "of  Britain  are  now 
brought  under  the  notice  of  the  Section  with  the  view  of  indicating  a  field  of 
research  where  much  remains  to  be  discovered,  and  twhere  the  labourers  are  but 
few.  As  a  result  of  the  neglect  into  which  it  has  fallen,  the  nomenclature  of.  this 
portion  of  British  geology  na^  been  virtually  at  a  stand  for  about  half  a  century. 
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While  80  much  has  been  done  in  this  respect  by  chemists  and  geologi8i<3  abroad, 
we  are  but  little  further  forward  than  when  the  great  outlines  of  the  subject  were 
sketched  long  ago  by  the  early  leaders  in  the  science.  The  same  vague  names,  the 
same  confused  and  defective  arrangement,  the  same  absence  of  careful  chemical 
and  mineralogical  analysis,  so  etcusable  in  the  infancy  of  the  science,  still  disRguro 
our  geological  writings  and  even  the  best  of  our  geological  collections.  Field- 
geoloc^sts  must  be  content  to  bear  their  share  of  the  blame ;  yet  it  is  not  from 
their  uands  that  the  needed  reform  is  mainly  to  be  looked  for.  They  can  do  but 
little  till  chemistry  oomes  to  their  aid  with  information  regarding  the  composition 
of  the  rocks  which  they  investigate,  and  the  extent  to  which  the  nomenclature 
adopted  in  other  counmes  can  be  applied  in  their  own.  Surely  the  time  must 
come  ere  long  when  it  will  be  deemed  a  task  worthy  of  years  of  long  and  patient 
research  to  work  out  the  nature  and  history  of  the  volcanic  rocks  of  this  country. 
Such  a  task  will  not  be  the  work  of  a  single  observer.  It  will  require  the  labour 
of  the  geologist,  skilled  to  ^lean  the  data  that  can  only  be  gathered  in  the  field, 
and  of  the  chemist  who,  aided  and  guided  by  these  observations,  shall  seek  to 
determine  the  composition  of  the  different  igneous  rocks,  and  the  relation  which, 
in  this  respect,  they  bear  to  the  rocks  of  other  regions,  and  to  the  products  of 
modem  volcanoes.  But  whether  distant  or  near,  the  day  will  doubtless  arrive 
when  we  shall  be  able  to  connect  into  one  story,  as  far  at  least  as  our  fragmentary 
records  jwill  permit,  the  narrative  of  the  varied  volcanic  eruptions  which  from 
early  geological  times  have  taken  place  in  the  British  Islands,  and  to  link  that 
chronicle  with  the  long  history  of  volcanic  action  over  the  globe. 

The  passage  of  Schists  into  Ghranite  in  the  Island  of  Corsica. 

By  D.  T.  Ansted,  M.A.,  F.R.S. 

The  object  of  this  communication  was  to  advocate  the  view  that  granite  is  a 
metamorphic  rock,  and  not  in  any  sense  primitive  or  the  nucleus  of  the  earth.  A 
section  was  described,  the  result  of  observations  recently  made,  taken  on  the  side 
of  a  road  recentlv  made  between  He  Ilousse  and  S.  Ilorent,  on  the  north-western 
side  of  the  island  The  section  presented  unmistakeable  and  numerous  alterna- 
tions of  compact,  well-crystallized,  whitish-grey  granite,  with  argillaceous  rock, 
schists,  ^ts,  and  rotten  granite.  The  dip  of  the  various  beds  varies  from  30^  to 
1(P,  diminishing  towards  tne  north ;  the  thickness  of  the  beds  is  often  several  yards, 
but  not  very  ^eat.  There  is  much  granite  near,  towards  the  interior  of  the  coun- 
try, and  stratified  rocks  near  the  coast.  The  general  inference  of  the  author  from 
this  section  was,  that  granites  are  not  erupted  but  metamorphic  rocks. 

On  ihe  Lagoons  of  Corsica.    By  D.  T.  Axsted,  M.A,y  F.B.S, 

The  eastern  coast  of  Corsica,  though  now  the  most  malarious  district  in  the 
Mediterranean,  was  inhabited  and  healthy  2000  years  ago ;  and  there  is  good  his- 
torical evidence  that  it  continued  healtliy  till  the  end  of  the  fifteenth  century. 
Remains  of  two  cities  are  still  to  be  traceil  on  these  plains,  which  are  now  abso- 
lutely deserted.  Each  town  was  situated  at  the  southern  extremity  of  a  large 
existing  lagoon,  near  a  principal  river,  provided  in  each  case  with  a  delta.  Beyond 
each  nver,  to  the  north,  are  numerous  small  torrents,  originally  entering  the  sea, 
but  now  feeding  the  lagoons,  which  have  been  formed  by  the  sands  of  the  dcltA 
drifted  northwards  from  one  river  delta  to  the  next  beyond,  owing  to  the  prevalent 
winds.  The  drainage  of  the  torrents  is  received  into  and  supplies  the  lagoons. 
During  summer  there  is  no  water  brought  down,  and  a  sand-bar  has  accimiulated 
until  it  has  become  a  bank.  In  winter,  the  waters  brought  down  are  driven 
towards  the  northern  and  open  end  to  escape,  but  they  leave  behind  a  large  quan- 
tity of  organic  matter  which  during  the  subsequent  heats  of  summer  rots,  and 
becomes  converted  into  miasma.  So  long  as  tne  communication  was  open  from 
the  torrents  to  the  sea  the  coast  was  healthy,  but  so  soon  as  the  lagoon  was 
formed  the  malaria  set  in. 

The  largest  of  the  lagoons  is  that  of  Biguglia,  extending  from  the  delta  of  the 
Golo  nearly  eight  miles  towards  the  north.  Its  greatest  width  is  3000  yards, 
diminishing  first  to  2000  for  a  long  distance,  and  then  to  1000.    About  a  mile 
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from  the  northern  extremity  it  becomes  a  mere  passa^  for  the  surplus  water^ 
about  eighty  yards  wide,  terminating  in  a  narrow  opemng  to  the  sea,  liable  to  be 
choked  up.  It  is  separated  from  the  sea  by  a  sand-baok,  at  first  900  yards  wide, 
diminishing  to  300  yards.  This  is  generally  high  enough  to  keep  out  the  highest 
storm-waters ;  but  there  are  remains  of  two  old  cuts  through  which  the  sea  enters 
occasionally.  The  area  of  the  Woon  is  4800  acres ;  the  depth  ayerases  tiye  or  six 
feet  below  the  mean  level  of  the  Mediterranean.  Besides  a  large  numoer  of  winter 
torrents,  there  is  one  river  emptying  into  the  lagoon.  The  area  supplying  the  tor- 
rents is  about  20,000  acres,  and  that  feeding  the  river  and  torrents  to  the  north  of 
it,  about  25,000  acres.  The  mean  annutu  rainfall  of  the  district  is  estimated 
(from  three  years*  observations^  at  twenty-four  inches,  of  which  ten  inches  fall  in 
October  and  Pfovember,  which  is  the  rainy  season. 

The  history  of  the  formation  of  the  lagoon  is  very  dear.  About  2000  years  ago 
the  bank  of  sand  now  nearly  closing  it  did  not  exist.  The  bank  must  have  com- 
menced and  increased  gradually  till  about  300  years  ago,  when  it  was  completed. 
The  gradual  depopulation  continued  for  about  two  centuries.  The  bank  is  about 
seven  nules  long,  a  quarter  of  a  mile  wide^  and  fifteen  feet  high  above  the  shallow 
sea-bottom  outside. 

There  is  proof  of  the  recent  closing  up  of  the  lagoon  in  old  walls  and  fragments 
of  buildings  near  the  northern  end.  There  is  no  doubt  of  the  comparatively 
modem  elevation  of  all  Corsica,  but  this  will  not  account  for  the  lagoons.  These 
are  due  to  the  drifting  of  the  sands,  as  explained ;  and  as  the  unhealthiness  of  the 
island  (which  is  extreme^  is  due  to  the  lagoons,  it  would  be  diminished  if  they 
were  greatljr  reduced.  Tno  author  believes  that  by  separating  the  drainage  areas 
of  the  lake  into  two  parts,  and  removing,  by  pumping,  the  whole  southern  part, 
which  is  perfectly  practicable,  at  least  4000  aci'es  or  rich  land  would  be  recovered, 
and  the  rest  of  the  land  rendered  cultivable.  The  operation  could  be  adopted 
with  great  facility  and  at  small  expense,  and  could  not  fail  to  exercise  an  impor- 
tant influence  on  the  material  prosperity  of  Corsica. 


Oil  ike  Granites  and  other  Bocks  of  Ben  More,  from  a  Letter  addressed  to  Pro- 
fessor Phillips.     By  His  Grace  the  Duke  o/ Argyll,  LL,D,,  F.B.S. 

"When  I  was  in  the  island  of  Mull  the  other  day,  I  observed  a  fact  which  may 
perhaps  be  of  some  interest,  which  is,  that  Ben  Craig,  one  of  the  lower  shoulders  of 
fien  More,  exhibits  very  clearly  the  passage  of  a  rock  which  looks  like  pure  trap 
into  regular  granite.  At  the  base  of  the  shoulder  mountain,  which  may  be  about 
2000  tect  high,  it  is  a  mass  of  a  fine-grained  compact  ptmite.  At  the  top  it  is  a 
mass  of  stuff  which  weathers  white,  and  has  a  fracture  hke  some  kinds  of  trap.  At 
an  intermediate  elevation  the  trap-like  stufi*  contains  many  crystals  of  felspar  very 
distinctly  separated.  A  little  lower  down  these  crystals  become  more  frequent,  and 
a  granitiform  rock  appears ;  and  very  little  lower  the  regular  granite  subtervetws. 
I  could  detect  no  separation.  The  top  of  the  mountain  is  very  white,  the  rock 
very  shattered,  some  of  it  very  li^ht,  with  one  or  two  dykes  passing  througli  this 
trap-like  mass.  The  dykes  are  of  a  closer  texture,  with  wtite  crystals,  wholly 
unlike  the  surrounding  mass.  I  must  add  that,  though  this  stuff  breaks  like  a 
kind  of  trap,  it  is  wholly  unlike  trap  in  other  respects.  It  is  perfectly  amorphous, 
both  in  structure  and  in  the  mode  in  which  it  occurs.  It  is  not  laid  m  sheets  and 
terraces  like  the  traps  of  the  same  island  elsewhere.  In  short  it  is  not  trap  at  all, 
but  the  matter  out  of  which  granite  seems  to  have  been  made  by  pressure,  and 
cr3'stallization  under  pressure. 

I  send  in  a  separate  cover — 1.  The  granite  as  it  appears  at  the  base  of  the  hill, 
or  two-thirds  of  the  way  up ;  2,  a  bit  showing  the  appearance  of  the  felspar  crys- 
tals where  they  appear ;  ana  8,  the  rock  at  the  top,  of  which  a  vast  mass  of  the 
mountain  is  composed.  The  whole  structure  of  Ben  More  in  Mull  is  full  of  inter- 
est. The  summit  peak  is  of  stratified  rock,  mica-slate ;  and  all  the  lower  shoulders 
are  granite  or  igneous  rock  becoming  granite. 
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Report  (wi  recmt  Explorations  in  the  OihraUar  Caves, 

By  Gapt.  Fred.  Brome. 

Tlie  explorations  recorded  in  this  communication  were  conducted  principally  in 
"  Martin's  "  and  St.  Michael's  Caverns. 

Martin's  Cave  opens  on  the  eastern  face  of  the  rock,  below  O'llara's  Tower.  It  is 
an  ancient  sea-cave,  thoi^h  now  u])wards  of  700  feet  above  the  level  of  the  Medi- 
terranean. The  excavations  in  this  cavern  were  commenced  on  the  2drd  of  June, 
and  continued  till  the  22nd  of  July.  There  were  no  traces  whatever  of  any  previous 
attempts  at  exploration.  The  first  operation  was  to  excavate  the  dark  earth  all 
along,  close  to  the  south  side,  which  is  from  six  to  three  feet  in  depth.  At  this 
depth  the  diggers  came  upon  a  stalagmite  floor  of  varying  thickness.  Here,  after 
a  lew  hours'  work,  were  iound  deposited  two  portions  of  a  lower  law,  supposed  to 
be  human ;  about  two  bushels  of  bones  of  ox,  goat,  sheep,  raboit,  &c. ;  several 
bones  of  birds  and  fish ;  two  bushels  of  broken  pottery  of  the  rudest  or  unmarked 
kind,  57  pieces  ornamented;  61  handles  and  pots;  6  stone  axes  and  70  flint 
knives ;  1  excellent  flint  core ;  20  lbs.  of  flint  chips ;  12  pieces  of  worked  bone :  a 
portion  of  an  armlet  and  anklet ;  10  lbs  of  sea  shells,  and  a  few  land  shells, 
together  with  three  rounded  pebbles.  On  the  north  side  the  same  class  of  objects 
were  met  with,  and  in  a  small  chamber  on  this  side,  under  five  or  six  feet  of  earth, 
Captain  Bronie's  son  came  upon  a  small  chamber  containing  two  ancient  swords, 
one  partly  imbedded  in  stalagmite,  and  both  much  injured ;  and  on  a  subsequent 
occasion,  a  small  enamelled  copper  plate  was  found,  which  appears  to  have  had  a 
design  upon  it  of  a  bird  with  its  bill  open,  in  the  coils  of  a  serpent  The  colours 
are  bright,  and  the  object  is  beautifully  made.  These  interesting  relics  have  been 
referred  by  Mr.  Franks  to  the  eleventh  or  twelfth  centuries.  Excavations  were 
then  made  in  a  cavern,  situated  on  the  same  face  of  the  rock,  but  a  little  to  the 
south,  and  at  a  higher  level  than  "  Martin's  "  Cave,  and  named  by  Captain  Brome 
the  **  Fig-Tree  Cave,"  in  whicli  similar  rude  works  of  art,  consisting  of  fragments 
of  potten',  flint  and  stone  implements,  &c.  were  found. 

Captain  Rrome's  greatest  interest,  however,  was  centi'ed  in  "St.  Michael's 
Cave,"  in  which,  day  after  day,  numerous  human  remains  were  found,  some  im- 
bedded in  the  stalagmite,  othera  loose,  associated  with  stone  axes,  flint  chips,  and 
flint  knives  of  the  smallest  size  hitherto  met  with  in  the  Gibraltar  caverns. 

On  the  north  side  of  the  upper  chamber  in  St.  Michael's  Cavern,  on  breaking  up 
a  thick  stalagmite  floor,  a  small  aperture  was  discovered.  When  this  had  been 
enlarged  sufliciently  to  admit  of  Captain  Brome's  entrance,  ho  found  a  series  of 
passages  and  caverns,  the  extreme  travelling  distance  of  which  from  the  entrance 
was  exactly  200  feet.  There  were  no  means  of  access  to  it,  excepting  by  the 
aperture  bv  which  Captain  Brome  entered.  The  walls  were  snow-white,  and  the 
pillars  ancT  stalactites  of  the  most  variable  and  fantastic  forms.  Some  of  the  latter, 
with  the  thickness  only  of  a  goose  quill,  were  five  feet  long  I  The  bearings  of  the 
cavern  generally  run  ^ .  W.  At  the  south  end  of  this  cavern  a  perpendicular  fissure 
was  discovered,  through  which  came  a  strong  wind.  The  fissure  was  about  nine 
inches  wide,  but  one  of  the  men  (military  prisoners)  employed  was  found  small 
enough  to  creep  through  it.  He  returned *with  a  wonderful  story  of  what  he  had 
seen.  On  the  next  day,  accordingly,  Captain  Brome  sent  in  one  of  his  own  sons, 
about  twelve  years  old,  who  entirely  corroborated  the  statements  previously  given, 
viz.  that  there  were  three  caves,  the  first  very  small,  and  about  twelve  feet  from 
the  narrow  entrance.  At  some  distance  further  there  was  another,  about  twenty 
feet  square,  ond  still  further,  a  cave  as  large  as  the  upjier  St.  Michael's  first 
chamber.  The  distance  travelled  is  250  feet  from  the  entrance,  which,  added  to 
the  distance  (20O  feetj  travelled  in  the  first  discovered  cavern,  make  a  total  of 
450  feet  of  hitherto  whollv  unknown  caverns  in  so  familiar  a  locality  as  the  often- 
visited  cave  of  San  Migael. 

At  the  date  of  his  last  advices,  Captain  Brome  was  continuing  the  exploration 
of  St.  Michael's  Cavern,  with  every  prospect  of  further  interesting  discoveries. 
But,  as  he  says,  ^*  his  suimises,  that  tne  unexplored  caves  would  vield  the  same 
i-elica  Bfi  the  tienista  Cavern,  have  been  verified,  and  the  fact  is  nearly,  if  not  auite 
ostablished,  that  at  a  former  period  all  the  Gibraltar  caverns  were  tenanted  by  a 
i-ace  having  uniform  habits  of  living." 
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On  the  Lower  Lias,  and  traces  of  an  ancient  Shcetic  Shore  in  Lincolnshire, 

By  F.  M.  BuKToy. 


Enumeration  of  British  Graptolites.    By  William  Carbtttiters,  F,L.S, 

The  genus  was  established  hy  Linnaeus,  in  the  first  edition  of  his  *  Systema 
NatuMB,*  for  a  series  of  natural  productions  which  had  previously  been  considered 
to  be  true  fossils.  In  the  genus,  as  it  appeared  in  the  early  editions,  not  a  single 
species  of  the  fossils  to  whicn  the  name  is  now  confined  was  included.  No  alte- 
ration was  introduced  into  the  genus  until  the  twelfth  edition,  when  O,  acalaris 
appears,  which  had  already  been  figured  by  LinnsBus  in  his  Scanian  travels.  This 
is  the  true  type  of  the  family,  and  the  onl^  species  with  which  Linnaeus  was 
acquainted.  The  single-celled  graptolite,  which  nas  by  every  one  been  referred  to 
Linnseus's  G,  saffittarius,  has  nothing  whatever  to  do  with  the  organism  to  which 
he  gave  this  name.  His  species  is  founded  on  a  fragment  of  Lepidodendron  figured 
by  Volkmum.  To  correct  this  error,  and  to  make  the  extent  of  the  acquaintance 
which  Linnaeus  had  with  these  fossils  more  obvious,  it  was  proposed  to  substitute 
the  name  G.  Hisingeri  for  the  species,  after  the  distinguished  palaeontologist  who 
first  described  the  species,  but  erroneously  gave  it  the  Linnean  name.  The  whole 
of  the  species  were  included  by  Murchison,  Portlock,  and  others  in  the  original 
Linnean  genus.  New  genera  were  introduced  by  Barrande,  M*Coy,  Hall,  SSter, 
and  the  author.  The  various  genera  were  then  described,  their  different  charac- 
teristics noticed,  and  the  number  of  species  given.  A  new  genus,  Ci/rtograpmiSf 
was  proposed  for  a  singular  form  from  the  Wenlock  of  England,  of  wliich  a  smgle 
species  only  has  been  observed  occurring  both  in  England  and  Bohemia,  and 
which  the  author  dedicated  to  the  distinguished  author  of  '  Siluria,'  The  netted 
forms  which  had  been  referred  to  this  family  had  been  carefully  examined  by  the 
author,  but  he  could  not  satisfy  himself  as  to  their  affinities,  and  for  the  present 
must  exclude  them. 

The  author  enumerated  the  following  fifty-two  species,  excluding  synonyms : — 


Rastrites  percgrinus,  Barr.,  Llandeilo. 
R.  linniei,  Barr.,  Llandeilo. 
B.  maximus,  ap.  nov.,  Llandeilo. 

B.  capillaris,  sp.  nov.,  Llandeilo. 
Graptolithus  Becki,  Barr.,  Llandeilo. 
G.  convolutus,  His.,  Llandeilo. 

G.  Halli,  Barr.,  Llandeilo. 

G.  Hisingeri,  Car.,  Llandeilo. 

G.  Nilesoni,  Barr.,  Llandeilo. 

G.  tenuis,  Ibrtl.,  Llandeilo. 

G.  intermedium,  ^.  nov.,  Llandeilo. 

G.  Clingani,  ap.  nov.,  Llandeilo. 

G.  Griestonenids,  Nic,  Caradoc. 

G.  Salteri,  Gein.,  Caradoc. 

G.  Sedgwickii,  Portl.,  Llandeilo  and  Ca- 
radoc. 

G.  priodon,  Bronn,  Llandeilo  to  Ludlow. 

G.  Flemingii,  8aU.,  Wenlock.  ? 

Cyrtograpsus  Murchisonii,  *p.  nov,,  Wen- 
lock. 

C.  ?  hamatus  (Bail,),  Caradoc. 
Didymograpsus  bryonoides,  Hall,  Llan- 
deilo, 

P.  Forclihammeri,  Gein.,  Llandeilo. 

D.  elegans,  sp.  not\,  Llandeilo. 
D.  geminus.  His.,  Llandeilo. 
D.  hirundo,  Salt.,  Llandeilo. 
D.  Moffatensis,  Car.,  Llandeilo. 
D.  Murchisonii,  Bed,  Llandeilo. 


D.  septans.  Hall,  Llandeilo. 
D.  caduceus,  8aU.,  Caradoc. 
Dichograpsus  aranea,  Salt.,  Llandeilo. 
D.  Sedgwickii,  Salt,,  Llandeilo. 
D.  crucialis,  Salt.,  Llandeilo. 
Cladograpsus  linearis.  Car.,  Llandeilo. 

C.  gracilis  (Hall),  Llandeilo. 
Pendrograptus  furcatula,  Salt.,  Llandeilo. 

D.  lentus,  sp,  nov.,  Caradoc. 
Dinlograpsus  acuminatus,  Nick.,   Llan- 

oieilo. 
D.  barbatulus,  Salt.,  Llandeilo. 
D.  cometa,  Gein.,  Llandeilo. 
D.  folium,  Hi.'^.,  Llandeilo. 
D.  miicronatus,  Hall,  Llandeilo. 
D.  pennatufl,  Harkn,,  Llandeilo. 
P.  pristis,  His.,  Llandeilo. 
D.  tricornis,  Car.,  Llandeilo. 
D.  Whitfieldi,  HaU,  Llandeilo. 
Climacograptus  bicomis,  Hall,  Llandeilo. 
C.  buUatus,  (Salt.),  Caradoc. 

C.  scalaris  (Linn.),  Hall,  Uandeilo  and 
Caradoc. 

Betiolites  Qeinitzianus,  Barr.,  Wenlock. 
B.  venosus.  Hall,  Wenlock. 
Bicranograptus  ramosus,  Hall,  Llandeilo. 

D.  Clingani,  sp.  nov.,  Llandeilo. 
Fhvllograptus  angustifolius,  Hall,  Elan- 

deilo. 
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On  CalamitecB  mid  Fossil  Equisetacece. 
By  William  Cakrtjthers,  F.L,S,,  F,0,S, 

After  deacribing  the  structure  of  the  i*ecent  Fquisetace€e,  the  author  gave  aa 
account  of  the  internal  structure  of  the  various  fossu  stems  which  had  been  referred 
to  this  family.  True  EquisetacecB  were  rare  as  fossils,  and  the  stems  of  Calamites 
were  very  unlike  anything  known  among  living;  acotyledonous  plants.  The  most 
important  charactei's  were  obtained  by  botanists  fi'om  the  fructification.  The 
author  hid  obtained,  through  the  kindness  of  Dr.  Hooker,  sections  of  vegetable 
structures  prepared  by  Mr.  Binney,  whose  extensive  acquaintance  with  coal -plants 
was  well  known.  In  some  of  these  he  had  discovered  fruits  which  belonged  to 
Calamus  so  beautifully  preserved  that  the  most  minute  details  could  be  deter- 
mined, and  "^th  the  help  of  his  diamms  he  described  their  structure,  and  illus- 
trated the  various  points  in  which  they  amed  with,  and  differed  from,  the  fruits 
of  Eqidsetaceee.  He  then  described  the  foliage  which  had  been  found  connected 
with  CalamiteSj  and  which  had  been  named  AsterophyUites ;  and  he  showed  that 
as  similar  fruits  had  been  found  associated  with  Armtdaria  and  SphenophyUum^ 
which  differed  from  AsterophyUites  only  in  the  amount  of  cellular  tissue  spread  out 
on  the  veins,  there  could  be  no  doubt  that  these  also  were  the  foliage  of  members 
of  this  large  genus  or  tribe  of  plants. 

Notice  of  an  ^^Es/cer"  at  St,  Fort,    By  Egbert  Chambers,  LL.D,^  F,R,S,E, 

On  the  Geology  of  North  Formosa,     By  Dr.  Collingwood,  M,A,y  F.L.S, 

The  author  presented  a  geological  section,  made  by  himself,  across  the  north 
part  of  the  island  of  Fonnosa,  from  Tam-sug  in  the  west,  to  Pe-ton  Point  in  the 
east.  The  neighbourhood  of  Tam-sug  was  remarkable  for  an  abundant  collection, 
of  angular  and  rounded  boulders,  imbedded  in  a  thick  deposit  of  alluvium. 
Further  west  calcareous  grit  prevailed,  rising  into  hills,  where  the  strata  cropped 
out  at  an  an^le  of  15°  to  the  north-east.  Among  these  hills  sulphur  springs  were 
found,  ih  which  the  sulphur  issued  in  a  sublimed  state  with  jet3  of  steam  from 
crevices  in  the  rocks.  On  the  north-eastern  side  of  the  island  Rod  Sandstone 
rocks  prevailed,  having  the  same  inclination,  and  among  them  were  situated  the 
coal  deposits,  which  rendered  Kelung  an  important  harbour. 

On  the  Geology  of  the  Isl-ands  round  the  North  of  Formosa, 
By  Dr.  Collin&wood,  M,A.,  F.L,S, 

The  author  described  the  geological  structure  of  several  small  islands  which  he 
had  visited,  including  the  Pescadores  (or  Ponghou  archipelago),  which  presented 
some  remarkable  basaltic  formations,  resembling  in  character  the  Antnm  coast. 
Ilaitan  islands,  on  the  Chinese  coast,  composed  of  whinstone  trap,  granite,  and 
other  volcanic  rocks ;  also  two  small  groups  of  islands  north-east  of  Formosa,  seldom 
visited,  consisting  of  Craig,  Pinnach,  and  Agincourt  islands,  and  Hoa-pin-su, 
Tia-usu,  Pinnacle  Rock,  and  Raleigh  Rock,  respectively.  The  complicated  struc- 
ture of  some  of  these  islands  was  described  by  the  aid  of  diagrams. 

Notes  on  the  relation  of  the  Glacial  SJiell  Beds  of  the  Carse  of  Gowrh  to  those 
of  the  West  of  Scotland,    By  the  Rev.  W,  H.  Crosskey. 


On  the  Calnmine  Deposits  of  Sardinia, 
By  F.  Gordon  Davis,  Mining  Engineer. 

The  deposits  bf  calamine  are  invariably  situated  in  SiUirian  limestone,  on  or 
near  the  summit  of  a  mountain,  and  often  forming  the  saddle  between  two  high 
peaks.  The  direction  they  take  (with  only  two  exceptions)  is  north  and  poulh, 
parallel  to  the  strike  of  the  limestone,  and  connected  with  north  and  south  lead 
lodes,  though  not  often  actually  in  their  run.  The  deposits  vary  from  five  to 
twenty-five  fathoms  in  width,  and  fifty  to  eighty  fathoms  in  length ;  sometimes 
several  deposits  are  situated  in  a  line,  and  thus  form  rijne  of  ore  ground  250  to  300 
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fathoms  in  length.  The  depth  to  which  these  deposits  extend  has  not  yet  been 
ascertained.    At  Monte  Poni  mine  calamine  forms  the  cap  of  the  rich  lead  deposit. 

The  ore  is  a  mixture  of  the  silicate  and  carbonate  of  zinc. 

The  author  considers  that  the  deposits  are  being  worked  in  too  reckless  a 
manner.  

On  some  Mammalian  Remains  from  the  submerged  Forest  in  Barnstaple  Bay^ 

Devonshire,    By  Henry  S.  Ellis,  F,KA,8, 

The  author  exhibited  a  collection  of  bones^  teeth^  charcoal)  masses  of  oyster  and 
cockle  shells^  flint  iiakes  and  cores,  unbroken  flints,  masses  of  peat  and  clay,  broken 
pebbles,  and  specimens  of  bog-oak  and  other  trees,  found  by  him  in  a  certain  part 
of  the  submerged  forest  in  Barnstaple  Bay ;  also  a  part  of  a  stake  of  the  row  referred 
to  in  the  paper.    The  paper  was  illustrated  by  a  map  and  sections. 

The  submerged  forest  is  situated  outside  tne  Northam  Pebble  Rid^,  and  is  of 
considerable  extent ;  but  the  bones,  flint  flakes,  charcoal,  and  shells  nave  as  yet 
been  found  in  a  spot  (only  a  few  yards  sqimre^  at  the  northern  end  of  it,  at  a  dis- 
tance of  about  200  yards  from  the  Pebble  Ridge,  and  about  300  yards  from  the 
newly-erected  baths. 

The  author  states  that  during  the  last  few  years  patches  of  clay  and  peat  have 
become  exposed  on  the  surface  of  the  previously  smooth  sandy  beach  of  Northam 
— ^that  whilst  on  a  visit  to  the  adjacent  newly-built  watering  place,  Westward  Ho, 
in  the  summer  of  1866,  he  discovered  large  quantities  of  flint  flakes  underneath 
some  of  the  patches  referred  to — that  in  the  summer  of  this  year  (1867)  he  found^ 
near  the  same  spot,  the  bones,  teeth,  charcoal,  &c.  exhibited  to  the  Section. 

The  author's  diagram  showed  that  the  patches  of  clay  and  peat  were  laid  bare, 
and  stood  eight  or  nine  inches  above  the  level  of  the  sand,  and  at  about  that  depth 
the  flint  flakes  are  found  imbedded  in  the  clay ;  that  the  bones,  teeth,  and  charcoal 
are  in  some  places  mixed  with  them,  but  generally  underlie  them,  and  that  the 
large  masses  of  cockle-shells  and  comminuted  oyster-sheUs  lie  underneath  the 
whole. 

Some  of  the  bones  and  teeth  have  been  examined  by  an  eminent  comparative 
anatomist,  who  pronounces  most  of  them  to  be  those  of  Cervus  elaphuSj  and  sug- 
gests that  a  fragment  of  one  of  them  belonged  to  some  bird.  The  bones  are,  for 
^e  most  part,  in  good  condition,  having  shai-p  fractures,  and  some  of  them  appear 
not  to  have  lost  their  animal  matter.  The  flint  flakes  and  cores  are  generally 
admitted  to  be  remarkably  good  specimens  of  the  well-known  type  described  bv 
Sir  John  Lubbock,  as  those  of  the  first  stone  period.  The  flakes  vary  in  length 
from  half  an  inch  to  two  inches  (those  found  in  the  peaty  clay  are  purple,  but  those 
from  near  the  masses  of  cockle-  and  oyster-shells  are  opaque-white).  All  have 
very  keen  edges,  and  are  not  serrated,  a  fact  which  doubtless  arises  from  each 
flake  being  separately  imbedded  in  clay.  Some  of  the  patches  of  peaty  clay  con- 
lain  roots  and  prostrate  branches  of  trees,  and  others  leaves  of  a  large  IrtSy  in 
perfect  condition,  only  faded  in  colour.  The  common  yellow  /rw,  or  flag  (/rt« 
pseudo-acimis)  grows  luxuriantly  in  the  immediate  neighbourhood. 

The  authot  mentions  that  deers'  antlers  have  been  occasionally  dredged  up  in 
the  bay,  and  quotes  a  local  tradition  that  the  oak-trees  used  for  the  roof  and  seats 
of  the  church  of  Braimton  (which  is  situated  on  the  northern  edge  of  the  delta  of 
the  Taw)  grew  in  a  forest  which  formerly  occupied  the  site  of  the  Northam 
Burrows,  and  that  the  trees,  when  felled,  were  drawn  to  the  church  by  reindeer. 
A  species  of  red  deer  still  exists  in  its  wild  state  on  Exmoor. 

llie  author  submits  that  the  collection  is  of  interest  on  account  of  the  various 
objects,  in  such  a  good  state  of  preservation,  havinff  been  found  associated  together 
in  a  locality  which  is  covered  bv  the  sea  at  every  tide  to  a  depth  of  at  least  twelve 
feet,  and  at  so  great  a  distance  from  the  present  Doundary  of  arv  land.  He  admits 
that  the  burial  of  the  bones  in  peaty  clay  underneath  sand  would  naturally  tend  to 
their  long  preservation  and  protection;  but  he  thinks  the  general  belief  of  the 

Jiarishioners  of  Northam,  that  the  sea  is  constp«ntly  and  rapidly  encroaching  on  the 
and,  is  worthy  of  much  consideration  in  forming  an  estimate  of  the  remoteness  of 
the  period  when  man  left  those  interesting  indications  of  his  existence. 
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Notes  on  the  Perseherg  Iron  Mhies,  Sweden, 
By  C.  Le  Netb  Fostkb,  B,A,,  D,Sc,y  RG.S. 

These  mines  are  situated  near  the  town  of  Philipstad.  The  ore,  which  is  mag- 
netite, occurs  in  the  form  of  more  or  less  thick  deposits,  parallel  to  the  bedding  of 
the  surrounding  rock.  The  rock,  or  "  country,"  is  haUefitnta^  which  is  regarded  by 
Swedish  geologists  as  a  very  fine-grained  gneiss.  In  the  immediate  neighbour- 
hood of  the  ore,  however,  tne  "  country "  consists  of  a  rock  made  up  of  garnet^ 
hornblende,  epidote,  and  varieties  of  augite ;  limestone  is  sometimes  present.  The 
author  then  compared  these  Swedish  deposits  with  some  very  small  oeds  of  mag- 
netic iron  ore  foimd  in  the  Crown's  Rock,  Botallack  Mine,  St  Just,  Cornwall. 
The  magnetite  occurs  here  under  very  similar  conditions.  Both  deposits  were 
considered  to  have  existed  originally  m  the  form  of  beds  in  sedimentary  rocks, 
like  the  Cleveland  iron  ore  for  mstance,  and  to  have  been  since  metamorphosed ; 
the  fact  that  the  ore  is  accompanied  by  garnet,  hornblende,  &c.,  is  explained  by 
the  supposition  that  it  was  the  ore  that  furnished  the  iron  which  enters  into  the 
composition  of  these  minerals,         

An  Account  of  the  Progress  of  the  Geological  Survey  of  Scotland, 

By  A.  Gbikie,  F.E.S. 

The  author  showed  the  mode  in  which  the  survey  is  canied  on,  describing  par- 
ticularly the  manner  of  filling  in  the  geological  features  of  each  district  of  the 
country  on  the  Ordnance  Survey  Maps.  Upwards  of  3000  square  miles  altogether 
have  already  been  surveyed.  llithcrto  the  work  has  been  kept  back  by  the  small- 
ness  of  the  staff  and  the  backward  state  of  the  Ordnance  Surrey ;  but  the  staff*  haa 
now  been  largely  increased,  and  as  the  Ordnance  Survey  Maps  of  the  whole  of  the 
south  of  Scotland  are  now  ready,  the  work  will  be  much  more  rapidly  proceeded 
with.  The  area  geologically  surveyed  includes  the  district  from  the  mouth  of  the 
Tay  to  Beiwick  on  Tweed,  and  from  the  eastern  end  of  Stratheam  to  the  sources 
of  the  Tweed;  also  portions  of  the  counties  of  Ayr,  Wigtown,  Kirkcudbright, 
Lanark,  and  Renfrew.  Five  sheets  of  the  one-inch  map  have  been  published,  and 
others  arc  in  preparation.  Maps  on  the  scale  of  six  inches  to  one  mile  have  been 
issued  for  the  coal-fields  of  Edmbur^h,  Haddington,  and  Fife,  and  others  for  the 
Ayrshire  coal-field  are  engraving.  Iwo  sheets  of  horizontal  sections  across  Edin- 
burghshire and  Haddingtonshire  have  been  published ;  also  one  sheet  of  vertical 
sections  of  the  Edinburgh  coal-field.  Three  memoirs,  descriptive  of  Sheets  32, 33, 
and  34  of  the  one-inch  map  have  appeared.  Large  collections  of  fossils  and  rock- 
epecimens  have  been  made  m  the  course  of  the  survey. 


On  Tertian/  and  Quaternary  Deposits  in  the  Eastern  Counties^  with  referents 
to  Periodic  Oscillations  of  Level  and  Climate.  By  the  Rev.  J.  Griiir, 
3f.v4.,  F,G.S. 

The  author  stated  that  periodic  changes  in  the  level  of  land  and  water  and  of 
climature  had  been  assigned  by  men  of  science  to  astronomical  caupes ;  and  that 
imder  the  impression  that  if  such  were  the  fact,  the  effects  of  such  periodic  changes 
might  still  be  traceable,  he  had  examined  the  Tertiary  strata  m  the  Eastern 
Counties. 

He  specified  and  described  at  length  three  several  oscillations  of  level  firom  the 
period  of  the  forest-bed  to  the  termination  of  the  glacial  epoch  j  and  after  pointing 
out  advantages  in  many  respects  derived  from  thus  tracing  the  sequence  of  strata, 
he  expressed  a  hope  that  others  might  be  led  to  make  a  similar  mquiry  in  older 
beds,  so  as  to  ascertain  whether  the  supposed  relation  between  astronomical  and 
geological  cycles  holds  ^ood  or  not. 

The  author  was  of  opinion  that,  considering  the  length  of  time  that  had  elapsed 
since  the  commencement  of  historical  evidence,  during  which  scarcelv  any  geo- 
logical change  was  perceptible,  the  precessional  cycle  was  too  short,  and  that  such 
chanjjes  must  be  referred  to  a  longer  cycle,  to  which  the  precessional  was  sub- 
ordinate ;  and  ho  further  indulged  in  the  hope  that,  if  the  length  of  the  cycle  were 
ascertained,  and  the  numbers  of  such  oscillations  counted,  supposing,  of  course,  that 
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the  relation  between  the  two  were  established^  an  approximation  could  be  made  to 
the  age  of  certain  portions  of  the  crust  of  the  earth. 


On  the  Coniston  Oroup  of  the  Lake  District. 
By  Professor  Habeness,  F.E.S.,  and  Dr.  H.  A.  Nicholson,  F.0,S, 

After  describing  the  ranffe  of  the  Coniston  Limestone,  a  group  of  strata  the 
position  and  age  of  which  nad  been  pointed  out  many  years  ago  oy  Prof.  Sedg- 
wick, the  authors  referred  to  a  mass  of  black  shales  wmch  rests  conformably  on 
these  limestones,  and  which  have  yielded  them  a  series  of  fossils  new  to  the 
horizon  in  which  they  occur.  These  fossils  consist  of  eleven  species  of  Graptolites ; 
^YQ  of  which  belong  to  the  genus  Di^grapmSy  five  to  GraptoUtes,  ana  one  to 
Hastrites.  These  black  shales,  which  are  conformable  to  the  Coniston  Limestone, 
are  also  conformably  succeeded  by  the  Coniston  flag  group  of  Prof.  Sedgwick,  and 
they  are  intercalated  with  the  lower  portion  of  this  group.  Upon  the  Coniston 
flags  the  Coniston  grits  of  Prof.  Sedgwick  occur,  and  the  latter  are  also  conform- 
able to  the  former. 

The  Coniston  grits  have  fossils  in  them,  some  of  which  have  not  been  hitherto 
found  in  the  Upper  Silurian  rocks  of  Great  Britain ;  this  circumstance,  taken  in 
connexion  with  the  conformability  of  the  whole  of  the  Coniston  series,  induce  the 
authors  to  infer  that  there  exists  m  the  Lake  coimtry  a  mass  of  rocks  which  pro- 
bably attain  a  thickness  of  nearly  7000  feet  above  the  Bala  limestone  and  below 
the  Upper  Llandovery  which  have  no  equal  representatives  elsewhere  in  the  British 
Isles.'  

On  the  Old  Sea^cliffs  and  Submarine  Banks  of  the  Frith  of  Forth. 

By  D.  Milne  Hoke. 

The  author  explained  the  line  of  old  sea-cUfF  alon^  both  sides  of  the  Frith  of 
Forth,  which  haa  been  formed  before  the  last  change  m  the  relative  levels  of  sea 
and  land.  He  mentioned  that  its  height  at  the  lower  parts  of  the  estuary  was 
about  13  or  14  feet  above  the  present  high- water  spring-tides,  whilst  near  Stirling  it 
was  about  31  feet,  and  to  the  west  about  35  or  40  feet.  The  author  also  specified 
two  higher  and  older  clilfs  at  heights  of  about  60  feet  and  130  feet  respectively. 
He  referred  to  the  places  where  skeletons  of  whales  and  seals  had  been  found  at 
heights  varying  from  18  to  23  feet  above  the  present  level  of  hiygh-water  mark,  and 
stated  that  sea-shells  were  found  in  two  conditions — ^viz.  first,  in  undisturbed  beds 
now  14  and  15  feet  above  high-water  mark,  where  they  were  entire  and  pei*fect ; 
and,  2ndly,  in  beaches,  where  they  were  broken.  He  also  referred  to  the  ancient 
delteis,  or  heaps  of  gravel  and  dSbris  at  the  level  of  the  old  cliff,  to  be  seen  at  dif- 
ferent places,  as  at  Menstrie,  Alva,  and  Tillicoultry.  He  explained  the  origin  of  the 
estuary  of  the  Frith,  bv  thegreat  east  and  west  fractures  m  the  coimtry  adjoining 
to  the  north  and  south.  He  said  that  in  the  Fife  coal-field,  the  downcasts  were 
almost  all  on  the  south  side  of  the  tractures,  and  amounted  altx)gether  to  nearly 
2000  feet ;  and  in  the  coal-field  of  the  Lothians,  Linlithgow,  and  Stirlingshire,  the 
downcasts  were,  on  the  other  hand,  to  the  north,  and  even  to  a  greater  extent,  thus 
producing  a  trough  or  hollow,  now  filled  by  an  arm  of  the  sea.  The  rocks  in  this 
hollow  were  covered  by  various  drift-deposits,  the  oldest  being  boulder-clay,  and, 
over  it  beds  of  stratified  clay,  sand,  and  gravel.  The  gravel  was  generally  on  the 
top,  which  was  accounted  for  by  the  water  of  the  estuiuy  shallowing,  whereby  the 
currents  became  more  powerful,  and  thus  gravel  was  laid  down  wnere  only  mud 
or  sand  could  be  laid  down  before. 

The  author  next  proceeded  to  describe  a  long  ridge  of  gravel  runnings  four  or  five 
miles  through  Callendar  Park,  by  Polmont  eastward  towards  Linhthgow.  He 
stated  that  its  height  was  from  30  to  60  feet,  and,  judging  from  the  materials  com- 
posing it,  he  considered  it  had  been  formed  by  sea-currents.  He  said  that  these 
gravel  ridges  were  very  numerous  in  our  open  valleys,  and  that  their  direction  or 
course  was  invariably  parallel  with  the  axis  or  sides  of  the  valley.  Though  he  had 
not  seen  the  ridge  of  gravel  at  St.  Fort,  described  in  Dr.  Chambers's  paper,  he  could 
not  help  thinking  it  was  to  be  accounted  for  in  the  same  way^  viz.  oy  marine  cur- 
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rents,  and  pot  as  an  effect  of  ico  action.  Jle  exhibited  some  Admiralty  charts, 
showing  the  submarine  banks  and  spits  existing  in  the  English  Channel,  all  of 
which  were  in  like  manner  parallel  to  the  sea-coast.  If  this  bank  was  formed  in 
that  way,  the  sea  must  have  stood  at  least  850  feet  higher  than  now;  and,  in  that 
view,  an  explanation  was  afforded  of  seyertd  phenomena  in  the  district,  such  as  the 
smoothed  appearance  of  the  hard  whinstone  rocks  of  Stirling,  Craiffforth,  Airthre^', 
Castleton,  and  Logic.  He  thought  it,  however,  not  at  all  improbable  that  ice  then 
floated  on  the  sea;  otherwise  he  couldiot  account  for  the  position  of  some  enormous 
boulders  which  he  described  situated  to  the  east  of  Stirling,  and  which  evidently 
had  been  in  some  way  carried  to  their  present  positions.  He  next  adverted  to  iixe 
fact  of  the  old  beach-line  sloping  upward  to  the  westward,  there  being  a  rise  of  at 
least  20  feet.  He  did  not  consider  this  owing  to  anv  unequal  rising  of  the  land  } 
he  thought  it  might  be  explained  by  the  laws  of  tidal  action.  He  knew  a  difterent 
explanation  had  oeen  given  of  the  old  beach -lines  of  the  Altentiord  of  Norway  f 
but,  whatever  may  be  the  caso  there,  this  theory  of  unequal  elevation  need  not  be 
resorted  to  for  the  estuary  of  tlie  Forth.  He  next  adverted  to  the  opinion  recently 
expressed,  that  the  last  change  of  relative  levels  between  sea  and  land  had  occurred 
since  the  occupation  of  this  country  by  the  Romans.  In  that  opinion  he  could  not 
concur.  Several  facts  militated  against  it.  If  the  sea  covered  the  extensive  plains 
to  the  west  of  Stirling,  up  to  the  old  sea-cliiF  shown  on  the  map,  it  would  have 
been  impossible  for  the  Komans  to  have  had  their  road,  which  had  been  discovered 
across  the  moss  of  Kincardine,  or  to  have  had  their  fort  on  the  banks  of  the  river 
below  Stirling.  Moreover,  the  caves  hollowed  out  by  the  sea  at  Wemyss,  in  Fife, 
before  the  last  change  of  the  relative  levels,  must  then  have  been  occupied  by  the 
sea,  and  therefore  the  remarkable  sculptures  found  on  their  walls,  lately  described 
by  Sir  James  Simpson,  must  have  been  executed  since  the  Romans  left  our  island, 
a  notion  which,  he  believed,  all  archteologists  would  repudiate.  In  conclusion,  he 
expressed  a  hope  that  some  one  would  undertake  a  survey  of  the  old  sea-cliffs  con- 
nected with  the  estuary  of  the  Tay,  as  he  had  no  doubt  they  would  lead  also  to 
interesting  conclusions,  and  serve  to  check  the  results  he  had  arrived  at  after  exa- 
mining the  estuary  of  the  Forth. 

On  the  Structure  of  the  Pendle  Uange  of  ffilh,  Lancashire,  as  ilhtsiratin^  the 
South-easterly  Attenuation  of  the  Carboniferous  Sedimentary  Mocks  of  the 
North  of  England,  By  Edward  Hull,  B,A,,  F.B.S.,  of  the  Geological  Sur- 
vey of  Scotland.     (Communicated  with  the  consent  of  the  Director- General,) 

The  author  stated  that  the  completion  of  the  Geological  Survey  of  a  large  por- 
tion of  South  Lancashire  had  enauled  him  to  arrive  at  the  conclusions  stated  in 
this  paper. 

After  describing  the  general  trend  of  the  Pendle  range  of  hills  throughout  a 
distance  of  about  thirty  miles,  from  the  neighbourhood  of  Lathom  Park  on  the 
south-west  to  that  of  Colne  on  the  north-east,  the  author  showed  that  along  thia 
range,  and  especially  at  Pendle  Hill  itself,  the  "  sedimentary"  strata  of  the  Car- 
boniferous group  attains  a  vertical  development  surpassing  that  of  the  same  beds 
in  any  part  of  Great  Britain,  k^everal  carefully-measured  sections  in  the  neigh- 
bourhood of  Burnley  gave  the  following  results : — 

1.  Middle  Coal-measures  (only  partially  i-epresented  in  this  district). 

2.  Lower  Coal-measures  2.000  feet  thick. 

3.  Millstone-grit  series 5,.50O    „       „ 

4.  Yoredale  series 5,025    „       „ 

Total  12,526    „      „ 

And  if  to  this  be  added  the  beds  of  the  Middle  and  Upper  Coal-measures  which 
occur  in  South  Lancashire,  but  have  been  removed  bv  'denudation  from  off  the 
Burnley  district,  a  total  thickness  of  18,785  feet  would  be  the  amount  of  thickness 
which  the  "  sedimentary"  beds  alone  of  the  Cax'boniferous  group  originally  attained 
in  this  part  of  England. 
This  estimate  excludes  the  Carboniferous  limestone,  which,  for  special  reasons. 
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the  author  maintains  ought  not  to  be  classed  with  the  truly  '^  sedimentary ''  portion 

of  the  group. 

Comparing  the  thickness  of  these  beds  in  the  Pendle  district  with  that  of  the 

same  formations  in  the  direction  of  the  Midland  Counties,  as  ascertiuned  during  the 

progress  of  the  Geological  Survey,  the  following  were  found  to  be  the  relative 

proportions : — 

North  South  North  t  •/»«  f     v.* 

Lancashire.        Lancashire.      StafibrcUlure.    ^»<?^8'««nire. 

Coal-measures....     8,260     ....     7,636     ....     6000     ....      25QQ 

JUillstono  series  .  .     5,500     ....     2,600     ....     1000     60 

Yoredale  rocks    ..     6,026     ....     2,000     ....     2000     ....         50 

18,785  12,135  0000  2000 

These  figures  showed,  in  the  author's  opinion,  a  gradual  thinning  away  of  the 
strata  towards  the  centre  and  east  of  England,  as  far  as  the  Carboniferous  rocks 
can  be  traced  in  that  direction,  till  lost  from  view  beneath  the  more  recent 
formations. 

The  author  pointed  to  the  above  sections  as  bearing  out  his  \dews  regarding  'Hho 
south-easterly  attenuation  of  the  Carboniferous  sedimentary  rocks  ^'  or  England,  as 
explained  at  the  Manchester  Meeting  of  the  Association,  and  more  fully  stated  in 
the  Journal  of  the  Geological  Society,  of  London,  vol.  x\i, ;  and  also  as  having  an 
important  bearing  on  the  question  of  the  extension  of  the  coal-fields  under  the 
Tnassic  formations  of  central  England. 

Observations  on  the  relative  Geological  Ages  of  the  principal  Physical  Features 
of  the  CarhoniferoxiS  Distrct  of  Lancashire,  By  Edward  Hull,  B,A,,  F.B.S,, 
of  the  Geological  Survey  of  Scotland, 

In  this  paper  the  author  endeavoured  to  show  that  the  upheaval  of  the  Lower 
Carboniferous  rocks  along  the  Pendle  range  corresponded  in  time,  and  nearly  in 
direction,  with  that  which  upraised  the  same  beds  along  the  northern  bpundary  pf 
the  Yorkshire  coal-field  j  ana  that  this  upheaval,  running  in  a  line  about  £.N.£.^ 
dates  as  far  back  as  the  interval  between  the  Carboniferous  and  Permia;i  periods. 

2.  That  the  occurrence  of  small  areas  of  Permian  beds  on  the  northern  base  and 
slopes  of  the  Pendle  range,  and  resting  imconformably  on  the  Liower  Carboniferous 
rocks,  as  at  Clitheroe  and  Bispham,  showed  that  the  upheaval  of  the  Carboniferous 
rocks  took  place  before  the  Permian  period,  and  that  the  amount  of  denudation  must 
have  been  very  great.  According  to  the  author's  calculation,  no  less  than  19,000 
feet  of  Carboniferous  strata  have  been  removed  in  the  Vale  of  Clitheroe  before 
the  conmiencement  of  the  Permian  period.  (See  thickness  of  these  beds  in  pre- 
cedingpaper.') 

3.  That  (the  upheaval  of  the  Millstone  and  Yoredale  beds  along  the  eastern 
border  of  Lancashire,  and  which  resulted  in  dissevering  the  coal-field  of  this  county 
from  that  of  Yorkshire,  was  later  than  the  period  of  upheaval  of  the  Pendle  range, 
being  in  all  probability  at  the  close  of  the  Permian  and  commencement  of  the  Tri- 
ossic  epochs.    The  general  direction  of  this  upheaval  was  north  and  south. 

4.  That  the  disturbances  which  produced  the  system  of  faults  ranging  N.W.,  for 
which  the  Lancashire  coal-fields  are  so  remarkable,  were  of  later  date  than  either 
of  those  above-named ;  and  were  to  be  considered  in  all  probability  as  having 
occurred  at  the  close  of  the  Jurassic  epoch — certainly  later  than  that  of  the  Lias. 

These  three  systems  of  upheaval  were  shown  to  correspond  to  the  sides  of  a 
triangle,  of  which  the  first  and  earliest  lay  about  20®  north  of  east,  the  second  about 
north  and  south,  and  the  third  and  latest  about  N.N.W. 


On  some  New  Cephalaspidean  Fishes*     By  E.  Bay  Lankester. 

Mr.  Lankestcr  described  a  new  fish,  known  fonnerly  by  frogmcnts  as  Plecirodus 
pnsiidifenifi.  He  also  briefly  noticed  a  new  and  large  Cephalaspid  from  the  Down- 
ton  Sandstones  discovered  by  Mr.  Lightbody.  A  diagram  of  a  restored  Cephalaspis, 
showing  pome  new  points  in  the  morphology  of  the  genus,  was  also  exhibited. 
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On  the  GoMJields  of  Scotland  *. 
By  W.  Lattdee  Lindsat,  M.D.,  F.E.S.R,  F.L.JS. 

The  author's  conclusions  are  based  on — 

1.  Personal  survey  of  the  gold-fields  of  New  Zealand.  It  was  while  visiting  in 
1861  the  auriferous  districts  of  the  Province  of  Otago  that  he  was  struck  with  the 
similarity,  as  respects  physical  geography  and  geology,  between  that  country  and 
many  parts  of  Scotland,  and  wim  the  probable  paralleusm  as  respects  the  distribu- 
tion of  gold. 

2.  Personal  comparative  survey  of  Scotland,  and  its  principal  outlying  islands, 
since  his  return  to  Scotland  in  1862,  in  order  to  determme  how  fSar  such  a  paral- 
lelism really  exists. 

3.  Inspection  of  the  specimens  of  gold  and  gold-rocks  in  the  principal  inter- 
national exhibitions  and  national  museums  of  Britain  and  France,  Australia,  and 
New  Zealand. 

4.  Comparative  study  of  the  literature  of  gold  in  Scotland  and  other  auriferous 
countries. 

His  special  conclusions  as  regards  the  Scottish  gold-fields  are  founded  mainly 
on — 

1.  The  similarity  of  the  rocks  (Lower  Silurian)  of  a  great  part  of  Scotland  to 
those  of  most  other  auriferous  countries. 

2.  The  abundance  in  Scotland  of  the  minerals  with  which  gold  is  most  commonly 
associated  in  the  richest  auriferous  countries ;  e,g.f 

a.  Metallic  oxides  (iron  and  copper) :  magnetic  ironsand,  containing  (or  notj 

oxide  of  titanium. 

b.  Metallic  sulphides  (iron,  copper,  lead ;  and  zinc). 

3.  The  actual  discovery  of  gold,  both  in  recent  and  former  times,  at  various  points 
between  the  extreme  north  and  south  of  Scotland. 

His  propositions  concerning  the  gold-fields  of  Scotland  are,  that — 
I.  Gold  is  much  more  extensively  or  generally  dift'used  over  Scotland  than  has 
been  hitherto  supposed. 

IL  The  Scottisn  gold-fields  may  bo  divided  geographically  or  topographically 
into  two  great  areas,  viz.  the 

(A.)  Great  Northern,  which  is  naturally  subdivided  by  the  Caledonian  Canal. 
The  northern  half  occupies  the  longitudinal  axis  of  the  northern  penin- 
sula of  Scotland,  and  comprises  the  greater  pait  of  the  counties  of 
Sutherland  and  Boss,  and  of  Inverness  and  Argyle  north  of  the  Cale- 
donian Canal.  The  southern  half  lies  between  the  said  canal  and  the 
valley  of  the  Tay,  and  forms  a  transverse  belt  across  Scotland,  com- 
prising a  great  pait  of  the  shires  of  Inverness  and  Argyle  south  of  the 
canal;  and  of  Aherdeen,  Banfi)  ICincardine,  Perth,  Forfar,  Stirling,  and 
Dumbarton-shires. 
(B.)  SoutJierti — includes  great  part  of  Dumfries,  Kirkcudbright,  Wigton,  Ayr, 
Selkirk,  Peebles,  and  Lanark-shires ;  and  more  particularlv  parts  of 
the  districts  of  Nithsdale,  Annandale,  Eskdale,  Etmckdale,  IVeeddale, 
and  Clydesdale ;  Carrick ;  and  the  Lammermuirs  (in  Haddington  and 
Berwick) — all  south  of  the  Forth. 
III.  Actual  discoveries  of  gold  have  been  made  at  dijSTerent  times  in  the  follow- 
ing localities : — 

(A.)  Sutherlandshire — ^Kildonan  on  Helmsdale  Water. 
(B.)  Perthshire — 1.  Breadalbane :  area  of  Loch  Tay  and  head  waters  of  the 
Tay  (Tyndrum  and  Taymouth). 

2.  Upper  Stratheam :  area  of  Loch  Earn  and  head  waters  of  the  Earn 

TGlen  Lednock :  streams  fallin^from  the  north  into  Loch  Earn ; 
Ardvoirlich,  south  side  of  Loch  Earn  ;  Glenturrit). 

3.  Glenalmond :  Glenquoich  and  other  valleys  of  the  Grampians. 
(C.)  Forfarshire — Clova  district :  '*  Braes  of  Angus,"  Edzell,  and  Glenesk. 
(D.)  Aberdeenshire :  area  of  the  Dee(Braomar,  Invercauld,  coast  about  Aber- 
deen). 

*  Details  will  be  found  in  a  paper  on  the  " Gold  and  Gold  Fields  of  Scotland"  in  the 
Transactions  of  the  Geological  Society  of  Edinburgh  for  1867--08. 
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(E.)  Argyleshire :  Dunoon. 

(F.)  Limarkshire :  Headwaters  of  the  Clyde^  including  the  rich  Crawford  Moor 

or  Leadhills  district  (Elyon  water,  Glenffonner,  Glencaple,  Mennlock 

and  Wenlock;  Short  Cleuch,  Lamington  Bum). 
(G.)  Peeblesshire:  Headwaters  of  the  Tweed  (Mannor  water,  which  flows 

north  to  the  Tweed ;  Megget  water,  which  flows  south  to  St.  Mary's 

Loch ;  various  feeders  of  the  Yarrow ;  Glengaber). 
(H.)  Dumfriesshire :  Headwaters  of  the  Annan  (MofFatdale :  streams  Calling 

into  Moflat  water;  Hartfell  range  above  Dobbs  Linn). 
IV.  The  richness  of  the  Scottish  gold-iields  is  illustrated  by  the  following 
facts  ^: — 

(A.)  The  limited  area  of  the  Leadhills  yielded  at  one  time  (sixteenth  century), 

to  systematic  working,  half  a  miUion  worth  of  gold. 
(B.)  Li  various  public  or  private  museums  nuggeU  of  Scotch  gold  are  exhibited 

of  the  following  weights : — 

[1)  2  lbs.  3  oz.=s27  oz.=s  12,960  grs.;  worth  at  current  price  of  gold  in 

Australia  (=£4  per  oz.)  £108 :  Leadhills :  collected  about  1602 :  the 
largest  mass  of  native  gold  recorded  as  having  been  found  within 
hifrtoric  times  in  Scotland. 

[2)  2oz.=960gr3. :  Breadalbane. 

[3)  loz.  10dwts.=720gr8.:  Leadhills. 

[4)  10dwts.=240grs.:  Kildonan. 
;6)  30gr8.:  Leadhills  (1803). 

[6)  6  grs. :  Moflatdale  (1863). 

(7)  Nugvets  of  2  or  3  grs.  are  frequently  found  at  Leadhills  at  the  pre- 
sent day. 

Y.  Geologically  the  area  of  the  Scottish  ^old-flelds  corresponds  to  that  occupied 
by  the  Lower  Sikwian  strata  and  their  drifts:  in  the  soutii  represented  by  the 
greywackes  and  graptolitic  slates  of  the  Lowthers ;  in  the  north  by  the  micaceous 
schists  of  the  Grampians. 

VI.  Gold  in  Scotland  is  notf  however,  necessarily  confined  to  the  Silurian  area. 
In  other  countries  it  has  been  found  in  rocks  of  so  manv  diflerent  characters  and 
ages,  that  it  is  impossible  to  predicate  gold  will  not  be  found  in  any  given  district 
or  rock  in  Scotland.  In  -particular,  gold  has  been  found  in  Laurentian  rocks  in 
Canada;  Nova  Scotia,  and  Sweden ;  nence  it  may  at  least  be  looked  for  in  the  area 
of  Laurentian  gneiss  in  Scotinnd,  viz.  in  the  Hebrides  and  western  seaboard  of 
Sutherland  and  Ross-shires.  In  Canada  it  occurs  also  in  Tipper  Silurian  strata ; 
so  that  it  is  possible  our  Pentiands  may  prove  to  be  auriferous.  In  California, 
Australia,  New  Zealand,  and  other  auri&rous  countries,  gold  occurs  in  rocks  of 
more  recent  age,  as  well  as  in  panites,  syenites,  sandstones  and  limestones,  and 
their  debris,  apparently  of  very  diflerent  ages. 

Vn.  The  area  of  dimision  of  gold  in  Scotiand,  and  the  extent  to  which  it  occurs, 
can  only  be  determined  by  systematic  investigation,  equivalent  at  least  to  the 
"  prospecting"  of  gold-diggers. 

V III.  Hitnerto,  with  certain  limited  and  local  exceptions,  there  has  been  no  such 
systematic  gold  '' prospecting"  in  Scotland. 

IX.  "Prospecting"  for  g<3d  should  form  part  of  the  duties  of  the  staff*  of  the 
National  Geologic^  Survey  of  Scotland.  From  its  simplicity  it  is,  moreover,  an 
operation  quite  within  the  powers  of  all  classes  of  the  community,  who  possess, 
with  the  necessary  interest  in  the  subject,  the  requisite  leisure  and  local  opportunity. 

X.  There  are  mdications  (if  they  do  not  alwinrs  amount  to  proofs)  of  the  exist- 
ence in  Scotland  of  auriferous  quartzitea — of  gold  in  situ — as  well  as  of  auriferous 
*' drifts"  and  "alluvial  gold."  Gold  in  its  matrix  has  been  apparentiy  found  at 
least  in  Leadhills,  Tweeddale,  and  Breadalbane. 

XI.  At  the  present  high  rates  of  wages  for  skilled  labour,  and  with  the  present 
rude  appliances  for  its  coUection,  gold-gathering  in  Scotland  is  not  apparently  remu- 

*  I  am  farther  informed  by  Br.  Hill  Burton,  the  learned  historian  of  Scotland,  that 
the  gold  tores  and  other  ornaments  of  prehistoric  age  found  in  diiferent  parts  of  our 
country  were,  there  is  every  reason  to  beuere,  the  produce  of  natitfe  gold, 
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temps  dgnal^  en  Suisse ;  les  ims  se  sont  bris^  en  deux  dans  leur  chute ;  les  autres 
sont  suspendus  sur  des  pentes  tres-fortes,  un  grand  nombre  reposent  sur  des  blocs 
plus  petits,  et  quelques-uns  sont  percht^s  sur  des  pi^destaux  de  trois  pieds  de  hauteur 
environ.  La  montagne  calcaire  du  B^out  a  ^tS  en  effet  ^rod^  par  les  eaux  atmo- 
sph^riques.  elle  pr<Ssente  ces  profonds  sillons  que  les  Suisses  appellent  iTarren/We^, 
mais  certaines  parties  protegees  par  de  gros  blocs  granitiques  n'ont  point  ^t^  atta- 
qu^es,  et  le  bloc  se  trouve  ^lev^  sur  un  pi^destal  comme  ceux  qui  sur  les  glaciers 
actuels  forment  la  comiche  d'une  colonne  de  glace  dont  ils  ont  empech^  la  fusion. 
La  moraine  lat^rale  gauche  du  glacier  se  trouve  dans  la  valine  de  Batsnurigxd^re,  au 

Sied  d*un  cone  calcaire  d^nud^  appel^  Esch,  elle  est  a  1230  pieds  au-deasus  du  Gave 
e  PaUy  et  la  valine  elle-meme  est,  pour  ainsi  dire,  remplie  de  blocs  de  granite. 

Sortons  maintenant  de  la  valine  d'Argel^,  et  studious  la  moraine  terminale  teUe 
qu*elle  se  d^veloppe  au  nord  de  Lourdes :  eUe  forme  un  ^rand  arc  de  cercle,  passant 
par  les  villages  de  reyrusse,  Loubaj  ac,  Ad^,  Tuloz  et  Arcisac-les- Angles.  Bendons- 
nous  d'abora  avec  la  foule  des  p^lerius  cr^dules  a  la  grotte  miraculeuse^  on  la  jeune 
Bemadette  pretendit  avoir  vu  la  Viei]ge  le  14  F^vrier  18o4.  Le  calcaire  juraasique 
exploits  le  long  de  la  route  est  arroncu,  poll  et  stri^  partout  on  les  travaux  des  ou- 
vners  ont  mis  a  nula  surface  de  la  roche.  Ces  stn^  sont  dirig^  du  S.S.E.  au 
N.N.O.  L'^glise  elle-meme  est  construite  sur  une  roche  moutonn^;  et  au  deli^  la 
route  pr^sente  la  coupe  d'une  moraine  avec  cailloux  ray^s  et  blocs  de  granite,  de 
achiste,  de  calcaire  et  d'ophite. 

Pour  ^tudier  la  portion  occidentde  de  la  moraine  terminale  du  glacier  de  la  vall^ 
d'Argel^s,  il  faut  suivre  le  chemin  de  fer  de  Lourdes  a  Pau.  Pr^s  de  la  Gare  du  rail- 
way on  trouve  les  gr^  cretac^s  du  cirque  de  Gavamie  k  T^tat  erratique,  etpartout  dans 
les  tranch^es  des  granites,  des  marbres  blancs^  des  schistes,  et  des  gros  blocs  de  cal- 
caires  noirs,  ray^s  et  empat^  dans  la  bone  glaciaire.  Si  Ton  s'^l^ve  sur  les  collines  qui 
dominent  le  chemin  de  fer,  on  les  trouve  ^galement  couvertes  de  blocs  presque  tous 
granitiques,  et  dont  quelques-uns  ont  jusqu'a  quinze  pieds  de. longueur.  De  ces 
collines  on  d^ouvre  le  petit  lac  de  Louides ;  il  a  1760  yardB  de  louff,  et  est  ^lev^  de 
1270  pieds  au-dessus  de  la  mer.  O'est  un  lac  morainique :  il  est  oarr^  a  sa  partie 
inf^rieure  qui  se  termine  par  ime  tourbiere,  et  se  diverse  en  amont  comme  d'autres 
lacs  morainiques,  ceux  d'Orta,  de  Vardse,  de  Come,  au  revers  meridional  des  Alpes, 
de  G^rardmer  dans  le  Yosges,  de  Llyn  Llydaw  pr^s  du  sommet  du  Snowdon  dans 
le  pa^s  de  Galles.  Si  Ton  se  dirige  de  Peyrusse  vers  Mourles,  propri^t^  de  M.  Foidd^ 
on  suit  le  bord  de  la  moraine,  et  I'on  reconnaitque  toutes  les  collines  qui  entourent  le 
lac  sont  couvertes  de  blocs  erratiques^  abondans  surtout  dans  les  parties  couvertes  des 
fougeres  (Pteria  aquilma)  et  dans  le  hois  de  chenes  ou  de  chataigniers.  Les  plus 
gros  blocs  sont  entre  le  lac  et  le  village  de  Poueyferr<^ ;  Tun  d'eux  de  granite  bianc 
avec  mica  noir,  a  80  pieds  de  long  sur  22  de  large.  Sur  les  bords  de  la  route  de 
Lourdes  k  Tarbes,  on  voit  4galement  a  un  miUe  et  demi  de  Lourdes,  un  bloc  pyra- 
midal de  lumachelle,  qui  marque,  pour  ainsi  dire,  la  limite  de  la  region  des  blocs. 

La  valine  de  Lourdes  a  Ad6,  que  le  chemin  de  fer  de  Tarbes  parcourt  dans  toute  sa 
longueur,  forme,  pour  ainsi  dire,  Taxe  de  la  moraine  terminale  de  Tancien  glacier. 
Entre  Lourdes  et  Add,  sur  une  longueur  de  deux  miUes  le  chemin  de  fer  coupe  sept 
moraines  parfaitement  reconnaissables.  La  demi^re  apres  le  village  d'Ad6,  a  50 
pieds  de  haut ;  elle  est  comme  les  autres  entierement  formde  de  matdriaux  meubles 
— ^sables,  cailloux,  blocs  melds  confusdment,  et  porte  a  sa  surface  de  gros  blocs  de 
quartzite  et  de  granite.  A  la  suite  de  cette  moraine,  la  plaine  est  nivelde  et  recou- 
verte  d'un  sable  argileux  jaune,  semblable  au  loess  de  la  vallde  duEhin.  La  pre- 
miere colline  coupde  par  le  chemin  de  fer  apr^s  Add  est  composde  de  schistes  mdta- 
morphiques  traversde  par  un  dyke  d'ophite  aont  les  parties  exposdes  a  Fair  se  ddcom- 
posent  en  boules.  Le  loess  se  prolonge  dans  la  direction  de  Bordeaux  jusqu'a  Aire, 
sur  une  longueur  de  43  miles.  Sur  la  carte  gdologiaue  de  France  de  MM.  Lhifrdnoy 
et  j^lie  de  Beaumont  il  est  colorid  comme  les  sables  des  Landes  dont  il  difi^ro 
notablement. 

La  partie  orientale  de  la  moraine  terminale  de  I'ancien  fflacier  d'Aigeles  ne  pr^- 
sente  rien  de  remarquable ;  seulement  nous  signalerons  les  nombreux  blocs  qui 
recouvrent  les  collines  qui  bordoat  la  vallde  entre  Lourdes  etArcisac-les- Angles,  sur 
la  route  de  Lourdes  a  Bagneres  de  Bigorre.  D'une  maniere  gdndrale  la  moraine 
s'est  beaucoup  plus  dtendue  vers  Toccident  que  vers  Toiient,  ce  qui  devait  etr©  par- 
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ceque  lea  affluens  du  glacier  ^taient  beaucoup  plus  nombreux  et  plus  puiasaris  sur 
la  rive  gauche  que  sur  m  rive  droite.  Quant  k  la  distribution  dee  mat^riaux^  j  'observe 
que  les  gr^s  cretac^  et  les  scbistes  d^voniens  avec  Betepora  du  cirque  de  Gavar- 
nie  caract^risent  la  moraine  m^diane  de  I'ancien  glacier;  les  granites  blancs  &cristaux 
de  Tourmaline  de  la  valine  de  Cauterets,  la  morame  lat^rale  gauche ;  les  ophites  et  les 
quartzitea  la  moraine  lat^rale  droite.  Gette  distribution  se  retrouve  dans  la  mondno 
terminale  qui  s'^tend  au  nord  de  Lourdes  dans  laplaine  sous-pyr^n^enne. 

Nous  terminerons  ce  m^moire  en  fourmssant  une  preuve  zoologique  de  la  p^riode 
de  froid  qui  a  d^termin^  Fancienne  extension  des  glaciers  pyr^n^ens.  Notre  ami  M. 
Lartety  qui  connait  si  bien  le  bassin  sous-pyrdn^en,  qu'il  a  longtemps  habits  et  ou  il  a 
fait  ses  plus  belles  d^couvertes,  nous  a  donn^  la  liste  des  animaux  de  F^poque  qua- 
temaire,  d^termin^s  par  lui  dans  le  sud-ouest  de  la  France.  Tous  ont  ^t^  trouv^ 
dans  le  diluvium  et  dans  les  cavemes  et  meme  dans  les  alluvions  modemes.  Tous  co- 
existaient  avec  les  animaux  qui  habitent  actuellement  le  pays ;  mais  les  ims  sont 
maintenant  relt^gu^s  dans  les  regions  septentrionales  de  I'Europe  ou  dans  Textreme 
nord ;  les  autres  ont  compl^tement  disparu.  Le  caract^re  general  de  la  faune  est 
boreal;  et  indiquo  un  dimat  plus  froid  que  celui  qui  existe  actuellement;  on  en  jugera 
par  la  liste  suivante. 

lAsU  dee  Animaux  Aeints  ou  imigr^s  irauvis  dans  les  terrains  quatemaires  et  les 
eavemes  du  sud^uuest  de  la  France.     (Ed.  Lartet) 

Mamhifebes. 

Slepkas  anUquus,  Falc.    Alluvions  quatemaires  de  la  H^oUe  (Gironde). 

Elephas  primigeniuSf  Blum.  Alluvions  quatemaires  de  TArri^gei  du  Gers,  haute 
Garonne ;  cavernes  du  sud-ouest  de  la  France. 

jRhinoceros  Merckiiy  Kaup.  Alluvions  anciennes  du  plateau  de  la  Roque,  Bor- 
deaux ;  cavemes  de  la  vall^  de  Campan  et  de  la  Dordogne. 

BMnoceros  tichorhinuSf  Guv.  (IL  aniiquUatis,  Blum.).  Gavemes  des  Fyr^n^s; 
alluvions  de  la  Garonne  et  de  la  Gharente. 

Bosprimigemusj  Boj.  Alluvions  quatemaires,  et  cavemes  dans  tout  le  sud-ouest  de 
la  France. 

Bison  Burop€eus,  Guv.  (B.priscus,  Boj.).  Alluvions  quatemaareS;  et  cavemes  de 
toute  la  region. 

Ovibos  moschatus,  de  Bl.  (B.  moschatus,  Gmel.).  Sous  des  abris  de  rochers, 
Gorge  d'Enfer  et  de  la  Madeleine  (Dordogne). 

dermis  megaceros,  Hart.  (C  hibemicuSf  Owen).  Breche  de  TEstalient  nres  Baff- 
n^res,  Sepulture  d' Aurignac ;  alluvions  de  Glermont  (haute  Garonne) ;  Station  ae 
Laugerie-haute  (Dordogne). 

Cervus  tarandus,  L.  Gavemes  des  Vyx^n^eSy  KebenaC|  Espalangue,  pr^s  de  Lourdes^ 
sepulture  d' Aurignac,  haute  Garonne,  &c. 

Capra  hispanicay  Schimp.  (Bouquetin).  Gavemes  diverses  des  Pyr^n^es,  de  la 
Dordogne,  de  Tam  et  Garonne,  vivait  alors  dans  les  plaines. 

Anttlope  rvpicapra,  Erxl.  (Isard,  Ghamois).  Gavemes  des  Pyr^n^es,  de  Tam  et 
Garonne,  de  la  Dordogne,  &c. 

AniHope  Saiga,  Pall.  Repr^sente  seulement  par  des  comes  dans  les  cavemes  do 
Tam  et  Garonne,  et  de  la  Dordogne. 

Castor  JEuropteus,  Brandt  Gavemes  des  P^T^n^es,  de  Tam  et  Garonne^  et  de 
la  Dordogne. 

Arctomys  rrutrmoUa^  L.    Breche  de  TEstalient  pres  Bagneres. 

ArctomySy  sp.  n.    Gfrotte  de  Lacombe-Tajac  (Dordogne). 

JSpemu^hiluSf  voisin  du  Sp,  erythrogenys,  Brandt,  ou  Parryij  Richards.  Grotte 
des  Eyzies  (Dordogne). 

Ursus  spelauSf  Kosenmiiller.  Gavemes  des  Pyr^n^es ;  abondant  dans  celles  de 
I'Arri^gejTam  et  Garonne,  Dordogne,  &c. 

Felis  spekeaj  Goldf.  Gavemes  des  Pyr^n^es  centrales,  sepultures  d'Aurignac; 
alluvions  anciennes  de  Glermont  (Arri6ge)  ;  cavemes  de  la  Dordogne,  &c. 

Felts  LynXy  L.    Gaveme  de  Massa  (Arriege),  des  Eyzies  (Dordogne). 

Fdis,  voisin  du  Leopard.  Gavemes  des  Pyrdn^es  3  grotte  sup<§rieure  de  Maseat  et 
de  Bourchette  (Arriege). 
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ffy<W^  ^l^fh  Goldf.  Al)uyiQQ8  quat^mairee  ia  plateau  de  la  Iloqiiei  pi^  Bor- 
deaifx  I  cayemei^  des  Fyr^niSe;$;  de  lalJordoffne;  &c. 

ffyana  strufUff  Zimm.  (If.  prisca,  Marcel  de  Serfes).  I^reche  de  TEstalient,  pres 
Bagnios, 

O^SSATTX  DBS  0AVBB.NS8.    (Alph.  Milne-Edwards.) 

Oypaetes  barhattfSj  Teimn.    Oavemes  de  la  Dordogne. 

MUvu9  reffoiisj  Yi^iU.    Ct^yernes  de  la  haute  Garonne. 

JFalco  tinhuncmtaj  Vieill.    Cavernes  de  la  Dordogne. 

£tfteo  cmeretiSfQme],    Caverne  d'Aurignac. 

Ifyciaa  r^veOj  Vieill.  {Strix  Uqfponica,  cJm.).    Dordogne. 

Minmdq  rupesttis,  Temm.    Oaveme  de  Lourdes. 

Coryus corar jVieill,    t)ordogne. 

Corvusptcaj  Temm.    Dordogne. 

^(Tocnarqx  fdvinuSf  Vieill.    Dordogne. 

Tctr(^o  hgQpii9jh,    Cavernes  de  Lourdes. 

Tetrao  (wms,  h,    Dordogne. 

Tetrcio  urogaUuSj  L.    Dordogne. 

Orus  primigenia,  Alph.  Milne-Edwards.    Dordogne. 

Parmi  C68  aoimauz  les  El^phansi  les  Ehinoc^ros,  le  Ceif  d'irlando;  les  Speirmo- 
philes,  rOurs  des  cavemes;  les  FeliSfVMyenef  et  la  Grue  ont  disparu ;  d'autres  ont 
^migr^y  soit  vers  le  nord  soit  sur  les  hautes  cimes  des  Alpes  et  des  Pyr^n^es.  Ce 
sont  le  Renne,  le  Boeuf-musqu^,  TAurochs,  le  Bouquetin  d'Espa^e,  le  Chamois, 
la  Marmotte  des  Alpes,  le  Castor,  le  Lynx,  la  Chouette  de  Lapome  et  les  Tetrao. 
Le  caract^re  g^n^rat  ^minemment  arctique  de  cette  faune  nous  montre  quele  climat 
des  P}rr6n^  6tait  h.  cette  ^poque  plus  riffoureux  qu'il  ne  Test  actueUemeofc.  Ia 
zoologie  confiime  done  compl^tement  les  donn^es  de  la  g^ologie. 


On  {he  Cambrian  Bocks  of  Llanberis  with  referevuae  to  a  Break  in  (he  Conform- 
abU  Succession  of  the  Lower  Beds.    By  Geobgb  Maw,  F.O.S,,  F.L.S.,  4'Cr 

A  section  was  exhibited  of  the  lower  part  of  the  Cambrian  series  along*  the 
aouthem  bank  of  Llyn  Padam,  which  was  not  visible  at  the  time  the  Llanberis 
district  was  mapped  oy  the  Geological  Survey. 

A  cutting  on  the  branch  railway  from  Carnarvon,  now  in  course  of  formatiou, 
has  exposed  the  structure  of  the  lower  beds  and  the  most  complicated  part  of  the 
series.  Underneath  the  beds  worked  for  slates  in  the  Dinorwic  and  Glyn  quar- 
ries there  occurs  a  considerable  thickness  of  a  compact  rock  obscurely  banded  with 
dark  olive-green  and  dull  buff,  which  rests  unconformably  on  the  upturned  edges 
of  a  stiU  more  ancient  slate-rock.  Many  of  the  similar  dark-green  bands  inter- 
stratified  with  the  workable  slates  of  the  higher  series^  and  which  have  been 
grouped  with  the  Cambrian  grits  and  pebble-beds,  contam  isolated  fragments  of 
alteim  slate,  and  wherever  they  are  in  contact  with  the  blue  or  purple  dates  a 
thin  course  of  altered  green  slate  occurs  at  the  junction. 

Towards  the  lower  part  of  the  Upper  series  in  the  Glyn  quarries  the  green 
matter  occurs  as  a  multitude  of  thin  bands,  in  contact  with  which  the  slate  has 
been  altered  to  a  pale  c^een. 

The  dark-green  banos  were  found  on  analysis  to  exhibit  a  totally  different  com- 
position to  that  of  the  slate-matrix,  and  appeared  to  have  been  derived  from  a 
different  source. 

With  reference  to  the  condition  of  fusion  under  which  the  dykes  of  greenstone 
were  intruded,  judging  from  tl^e  kind  of  alteration  produced  in  the  adjacent  slate, 
the  heat  could  not  have  been  sufficient  to  efiect  a  purely  vitreous  liquefeustion,  as 
experiments  proved  that  tiie  slaty  matrix  was  fusible  at  a  lower  heat  ti^an  that  at 
which  the  greenstone  was  refractory. 

On  Tertiary  and  Posttertiary  Action  in  the  Pyrenees. 
By  P.  W.  Stuart  ME^'TEATU. 
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On  ihs  Ifature  and  Systematic  Position  of  the  Graptolitida. 
By  Henby  Alletite  Nicholson,  D,8c,y  M,B,y  F,G,S.f  Sfc. 

The  author  of  this  paper,  after  stating  the  views  of  those  who  had  referred  the 
Graptolitidao  to  the  Oej^halopoda,  the  Actinozoa,  the  Polyzoa,  and  the  Foraminifera, 
stated  the  reasons  which  induced  him  to  class  them  with  the  Ilydrozoa,  a  view 
originally  put  forth  by  Prof.  M^Ooy.  This  opinion  was  shown  to  he  supported  by 
the  morphology  of  the  Graptolitidee,  and  especiallyby  the.  existence  of  a  *^  common 
canal''  ciorresnon^ng  to  the  ^^ccenosarc"  of  the  aydrozoa,  £rom  which  arose  the 
separate  ceUuies  or  polypites.  As  a  special  morphological  point,  it  was  also  indi- 
cated that  the  '^  central  disk ''  of  some  Tetragrapsi  and  JHchoarapsi  would  find 
a  feasible  homologue  in  the  ^^  float "  or  ''  pneumatophore  "  of  the  PhyBophoridsdj 
an  order  of  the  oceanic  Hydrozoa. 

Passing  from  the  nutntiye  to  the  generative  systemi  the  author  drew  attention 
to  the  bodies  originally  described  by  himself  as  the  ''  ovarian  vesicles  '^  of  Grapto- 
liteS;  and  also  to  those  previously  described  by  Hall,  pointing  out  their  close  affinity 
with  tne  "  gonoptores  '  of  the  recent  Hydrozoa. 

The  reference  of  the  Gn^ptolitidaa  to  the  Hydrozoa  was  further  shown  to  be 
supported  by  their  mode  of  existence  and  by  &e  determination  of  allied  forms. 
As  regards  {he  former  point,  proofs  were  adduced  that  the  great  majority,  if  not 
the  whole,  of  the  Graptolitidae  were  free  and  unattached,  an  almost  fatal  objection 
to  the  belief  that  they  were  referable  to  the  Bryozoa.  As  to  the  second  point, 
attention  was  drawn  to  the  existence  of  a  form  ^originally  described  by  the  author 
pnder  the  name  of  Oorynoidea  caltcularis)  whicn  was  closely  allied  to  the  Grap- 
tolites,  but  which  probably  represented  the  Corynidsa  or  Tubularidae  in  the  Silurian 
seas. 

The  author,  in  conclusion,  declared  his  belief  that  the  Graptolitido)  could  not  bq 
referred  to  any  existing  order,  or  evei^  subclass,  of  the  Hydrozoa,  standing  there- 
fore in  the  same  relation  to  the  latter  that  the  Trilobites  do  to  existing  Crustacea. 
In  the  present  state  of  our  knowledge  it  seemed,  therefore,  most  advisable  to  con- 
sider the  Giaptolites  as  constituting  a  new  subclass  intermediate  in  position 
between  the  oceanic  and  the  fixed  Hydrozoa;  and  there  were  some  reasons  for 
the  belief  that  they  perhaps  represented  the  original  stock,  from  which  the  above 
existing  sections  of  our  living  Ilydrozoa  have  primarily  diverged. 

On  the  GfraptoUtes  of  the  Shiddaw  Slates. 
By  Henby  Allbtnb  Nicholson,  D.Sc.,  M.B.,  F,Q.S,,  Sfc. 

The  author  of  this  communication  gave  a  brief  description  of  the  Graptolites  of 
the  Skiddaw  Slates,  a  group  of  rocks  forming  the  base  of  the  great  Silurian  series 
of  Cumberland  and  Westmorland.  These  Grraptolites  had  been  described  in  1863 
by  Mr.  Salter,  who  gave  a  list  of  thirteen  species.  Rejecting  some  of  these,  the 
author  was  now  enabled,  by  the  researches  of  Prof.  Hawmess  and  himself,  to  de- 
spribe  twenty-three  species,  of  which  number  thirteen  are  well  known  in  the 
Quebec  group  of  Canada,  three  are  new,  and  the  remainder  occur  elsewhere,  either 
in  the  Lower  or  Upper  Llandeilo  rocks.  The  author  pointed  out  various  peculi- 
arities in  the  fonqs  and  distribution  of  the  Skiddaw  Graptolites,  and  showed  that 
by  their  aid  we  wejre  able  clearly  to  correlate  the  Skiddaw  Slates  with  the  Quebec 
group  in  Canada. 

The  Graptolites  of  the  Skiddaw  Slates  were  shown  to  be  referable  to  six  genera 
certainly,  perhaps  to  eight.  The  genus  DichoarapsuSy  Salter,  was  represented  by 
four  species,  viz.  D,  Loijani,  Hall,  2).  octobrachiatus,  Hall,  D.  mtdttplexy  Nich.,  and 
-p.  retictdatusj  Ifich.  Of  the  genus  Tetragrapm^,  Salter,  four  species  had  also  been 
identified,  viz.  T,  bryonoideSy  Hall,  T.  quadrirrachiatus,  Hall,  T,  Ueadi,  Hall,  and 
T,  cmcifery  Hall. 

The  genus  Dendroarapsus,  Hall,  was  doubtfully  represented  by  branching  frag- 
ments apparently  referable  to  -D.  HaUiantts,  Prout,  from  which  D.  furcaiiUa  of 
Salter  appears  undistinguishable. 

The  genus  Pleurograpsusy  Nicholson,  was  also  doubtfully  represented  by  a  single 
new  species,  provisionally  named  P.  vagcms. 

Of  the  genus  Biplograpstts,  M'Coy,  four  species  are  known  from  the  slates,  viz. 
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D,  prigtiniformis,  Ilall,  D.  mttcronatus,  Hall,  D.  antennarnUj  Hall,  and  2>.  tere^ 
tittscukis,  His. 

Of  the  genus  Didymoffrapsusj  M'Coj.  seven  species  are  found,  viz.  J9.  mUdus^ 
Hall,  D.  i^o^ttf,  HaU  (=Z).  hinmdoj  Salter),  2>.  serratuhts,  Hall,  D.  5i^£(lM,  Hall, 
2).  sextans,  Hall,  2).  gemmuSj  His.,  and  2>.  r.-fractus,  Salter. 

Of  the  pecuUar  genus  PhyUogre^^sus,  Hall,  two  species  had  been  recognized,  viz. 
P.  anffusttfoltus,  HaU,  and  jP.  ^y^«,  HalL 

Of  the*  genus  ChraptoUtes,  Linn.,  four  species  had  been  stated  to  occur  by  Mr. 
Salter,  viz.  Q,  aagiUanus,  Linn.,  G,  tenuis,  PortL,  G,  yUssoni,  Barr.,  and  G.  lotus, 
M'Coy ;  but  these  determinations  had  been  in  all  probability  founded  upon  frag- 
ments of  the  compound  forms.         

On  tlie  Otology  of  India.    By  Dr.  Oldham. 


On  Fossil  Fishes  of  the  Old  Red  Sandstofie  of  Caithness  and  Sutherland^  with 
notices  of  some  new  to  those  Counties.    By  C.  W.  Peach. 

The  author  first  mentioned  Pterichthys  as  being  abundant  in  Orkney,  but  until 
1863  not  a  vestige  of  it  had  been  found  in  Caithness  or  Sutherland,  when  in  Juno 
of  that  year  he  was  fortunate  enough  to  turn  up,  in  the  thin  flaggy  beds  inter- 
calated amongst  the  coarse  sandstones  near  John  O^Groat's,  an  exceedingly  small 
species,   with  small   spined   arms,  delicately  but  beautifully  sculptureci.     One 
specimen  had  two  horn-like  appendages,  which  turn  right  and'left  at  right  angles, 
and,  like  the  others,  differs  from  those  found  in  Orkney,  and,  if  a  new  spedea,  the 
author  intends  to  name  it  after  his  late  valued  friend  Robert  Dick,  so  that  at  least 
one  thing  belonging  to  the  Old  Red  Sandstone,  for  which  he  did  so  much,  might 
bear  his  worthy  name.    After  a  full  description  of  the  above,  he  mentioned  Coc- 
costetts,  describme  C.  pusiUus  of  M'Coy,  oi  which  he  had  got  nearly  a  ^ifect 
specimen  at  Munile,  near  Castlehill.    In  one  he  pointed  out  that  tne  toil  was 
covered  either  with  scales  or  a  tuberculated  skin,  a  fact  not  before   observed. 
Coccosteus  trigonaspis  of  M'Coy  he  considered  not  a  good  species,  it  being  made 
from  the  lozenge-snaped  ventral  plate  of  the  above  species.    M*Coy  himself  was 
doubtful  about  it. 

From  Wick  Head  he  had  obtained  Osteolepis  hrevis  of  M'Ooy.  Dipterus  he 
found  was  a  true  bony  fish,  as  might  be  seen  by  the  specimens  pi<>duced,  showing 
vertebral  column,  ribs,  processes,  and  interspinous  bones.  Of  Acanthodes  he  had 
obtained  a  third  species,  the  AcatUhodes  pusulus  of  Agassiz. 

Holoptychius  Sedgwickii  he  felt  sure  was  also  a  true  bony  fish,  as  seen  by  the 
specimen  he  exhibited,  showing  similar  internal  bones  to  those  noticed  as  occurring 
in  D^terus.  All  the  above  fishes  were  found  in  Caithness,  and  as  well,  probably,  a 
new  CheiracofUhtis  and  spines  of  Diphcanthus  longispinus.  At  Dornoch,  m  Suther* 
landshire,  he  had  found  scales  of  Holoptychius  in  the  sandstones  near  the  sea. 

Tristichoptents  alatus  was  next  alluded  to.  This  reaUy  handsome  fish  was 
described  by  Sir  Philip  Egerton  in  Decade  X.  of  the  Geological  Survey,  from  im- 
perfect specimens  exhibited  bv  the  author  at  the  British  Association  at  Aberdeen, 
m  1859 ;  and  although  descrilbed  as  a  true  bony  fish,  its  true  place  could  not  bo 
positively  made  out,  from  the  absence  of  paired  fins,  bones  of  the  head,  teeth,  &c. 
Specimens  of  all  these  were  produced,  and  fully  bore  out  the  conclusion  which  Sir 
Pnilip  Egerton  had  arrived  at  when  describing  the  one  got  in  1859.  After  men- 
tioning the  probability  of  his  having  found  (as  well  as  the  above)  Annelides  in 
Caithness  rocks,  he  stated  that  he  fully  agreed  with  Sir  R.  I.  Murchison,  in  his 
triple  arrangement  of  the  Old  Red  Sandstone  in  the  counties  of  Caithness  and 
Sutherland.  __^_«_« 

On  the  Geology  and  Fossils  of  the  Lingula  Flags  at  Upper  Mawddach,  North 

Wales.    By  John  Plakt. 

Mr.  R.  Slimon's  collection  of  Crustacea  was  exhibited. 
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On  the  Internal  Heat  of  the  Earth,    By  Dr.  Julits  Schyarcz.  ♦ 


On  the  Relation  of  the  Upper  and  Lower  Crags  in  Norfolk. 
By  J.  E.  Taylob,  Hon,  Sec,  Norwich  Oeol.  Soc,* 


On  a  new  Phosphatie  Deposit  near  Upware,  in  Cambridgeshire, 
By  J.  F.  Walker,  B,A.j  F,G.S.  Sfc, 

At  the  Meeting  of  this  Association  at  Nottingham^  the  author  communicated  a 
paper  on  a  phosphatie  deposit  in  Bedfordshire;  further  light  has  been  thrown 
upon  the  nature  of  that  bed  by  the  discovery  of  another  deposit  near  Upware. 
The  most  remarkable  difference  between  these  deposits  is,  that  the  shells,  which  the 
author  regarded  as  proper  to  the  beds,  exist*at  Sandy  and  Potton  in  a  ferruginous 
condition,  but  in  a  calcareous  condition  near  Upware.  The  reason  why  the  same 
fossils  occur  in  different  conditions  in  these  beds  is  probably  due  to  the  proximity 
of  a  coral-reef  to  the  Upware  bed ;  for  the  coral  rag  occurs  at  Upware,  and  a  laige 
supply  of  calcareous  matter  would  be  derived  from  this  source.  At  Sandy  the 
casts  of  the  shells  are  impressions  in  the  ferruginous  sand,  which  forms  the  matrix 
in  which  the  fossils  and  nodules  are  imbedded,  whilst  at  Upware  casts  of  these 
shells  occur  composed  of  carbonate  of  calcium.  The  author  referred  to  the  water- 
worn  condition  of  the  phosphatie  casts  at  Potton  in  his  former  paper,  but  the  fer- 
ruginous nature  of  that  bed  was  unfavourable  for  the  preservation  of  the  shells 
S roper  to  the  deposit  j  in  the  Upware  bed,  however,  the  calcareous  nature  of  the 
eposit  is  highly  favourable  for  the  preservation  of  the  shells  proper  to  the  deposit ; 
and  therefore  the  difference  between  the  phosphatie  casts  and  tne  shells  proper  to 
their  respective  beds  is  more  marked  at  Upware  than  at  Potton.  Bryozoa,  Serpul€ef 
&c.  occur  on  several  of  the  phosphatie  nodules  at  Upware,  having  evidently  grown 
on  them,  the  animal  having  followed  the  outline  of  the  nodule, which  circumstance 
would  tend  to  show  that  the  nodtdes  have  been  deposited  in  a  hardened  condition 
in  the  place  where  they  are  found. 

Remains  of  the  same  fishes  that  are  found  in  the  Bedfordshire  deposit  occur  in 
this  bed ;  also  of  the  reptiles,  including  Dakosaurus  and  Iguanodon, 

The  author  gave  sections  of  the  Upware  deposits  in  the  *  Geological  Magazine  * 
for  July  1867,  also  a  list  of  the  fossils ;  among  these  there  are  a  great  many  species 
of  Brachiopoda,  including  three  new  species —  W,  Woodwardiij  W,  Davidwmiy  and 
T,  DaUasit  (since  described  in  Geol.  Mag.  October  1867 J. 

The  known  species  of  Brachiopoda  found  in  this  deposit  are  of  the  Lower-Green- 
sand  age,  incluaing  T,  Sdla,  71  pralonqay  T.  depreasOf  T,  Fittoni,  W,  Moutoniana, 
&C.,  B,  Gibbsiana,  R,  antidichotoma,  Ike.  This  bed  likewise  contains  numerous 
fine  specimens  of  sponges,  Brvozoa,  &c.,  resembling  those  found  at  Farringdon ; 
and  durinff  a  recent  visit  to  the  latter  locality  the  author  obtained  several  shells 
which  he  has  also  found  at  Upware.  The  author  considered  these  beds  at  Potton 
and  Upware  to  be  a  drift  of  the  age  of  the  Lower  Greensand,  containing  fossils  of 
that  age  as  well  as  extraneous  specimens. 


On  some  Carboniferous  Fossil  Trees  imbedded  in  Trappean  Ash  in  the  Isle 

of  Arran.     By  E.  A.  Wunsch. 


On  the  Gradual  Alteration  of  the  Coast-line  in  Norfolk,    By  J.  Wtatt. 

*  See  Appendix. 
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BIOLOGY. 

Address  by  the  President,  ProfiesBor  William  Shabpey,  M.D,, 

See,  MtS-f  F.M»S,E* 

I  MEED  scarcely  remind  you  that  Biology,  or  the  science  of  the  living  economyi 
in  its  widest  sense  comprehends  whatever  relates  to  the  organization,  functions, 
and  mode  of  life  of  liyinff  hein^s,  whether  plants  or  animals,  as  well  as  their 
natural  history,  that  is,  tneir  distinctive  characters,  mutual  affinities,  systematic 
classification,  and  distribution.  On  account  of  the  extent  and  varietv  of  the  sub- 
jects which  come  under  these  {leads,  the  Section  of  Biology  in  the  priti^h  Asso- 
ciation has  been  divided  on  t}iis  as  on  foru^er  occasions  into  departmeptS;  which 
baye  been  detepiiined,  not  with  a  view  to  logical  symmetry  of  arrangement,  but 
for  the  convenient  transaction  of  business.  The  department  of  ^atomy  and 
Physiology,  oyej:  ivhich  I  have  undertaken  more  inuuediately  tq  presidei  urill 
include  the  structure  ^d  functions  of  pian  and  animals ;  tl^at  of  Zoology  and 
]Botany  comprehends  the  natural  history  of  animald  and  pl^t§}  and  will  ))e  pre- 
sided over  by  Mr.  Busji. 

Our  special  scienpe  ha^  fully  shared  in  thp  ^eneml  advance  of  human  know- 
ledge, which  goe§  onward  fxom  year  to  year  with  steady  progress.  I^'ue  area  of 
ascertained  truth  is  continually  widening;  the  line  of  contiguity  between  the 
known  and  the  unknowi^  is  perpetually  extending :  hence  more  ample  room  and 
multiplied  opoprtun^ty  for  passing  the  frontier  ana  gaining  fresh  ^quisitions  in 
the  unexplorea  region  beyopd.  It  has  been  said  that  in  some  fields  of  scienpe  the 
liarvest  has  beeu  alre^y  reapedi  and  that  those  who  now  come  after  the  great 
(liscoyidrers  of  older  times  are  but  the  gleaners  of  what  they  l|ave  le^  behind-  To 
t;his  opinion  \  feel  sure  you  will  not  assent.  Wq>  of  course,  cannot  gauge  the 
absolute  amount  of  work  rep^aining  to  be  done  ip  any  sphere  of  mentaf  activity  *, 
put,  viewed  in  relq.tiQp  tp  ipan'p  power  of  research,  the  unexplored  ground  in  every 
Hel4  of  scientific  inquiry  may  be  deemed  practically  inexhaustible.  The  increasinfi- 
liumber  of  cultivators  and  the  mutual  aid  which  di^erent  branches  of  science  lend 
to  each  other  must  naturally  quicken  the  rate  of  advance.  Discoveries  in  one 
department  speedily  find  applicatipu  \ji  other  directions,  and  coptribute  to  o^^ward 
progress.  One  step  m^ade  m  advance  renders  another  possible,  and  the  way  is  thus 
prQp^ired  ^veii  for  those  jpqre  coi^pjcupus  achieven^ents,  iu  (iiscoycry  of  fisict  or 
inveutipn  of  theory,  which  (^t  rarer  mter\'als  command  our  pdmiration.  In  sho^, 
^th  means  pf  free  intercommunication  i^id  durable  record^  the  advance  of  natural 
knowledge,  although  not  equable  and  uniform,  becomes  unbroken  and  continuous, 
lu  adveirtinff  for  a  few  pion^ents  to  the  present  state  of  anatomy  and  physiology, 
wo  cannot  fail  to  be  impressed  by  the  general  prevalence  of  improved  methods  of 
investigation,  ^d  the  general  use  of  instrumental  and  other  appliances  of  creater 
powei:  or  greater  precision  in  scrutinizino^  the  intimate  structiure  of  tnc  body,  and 
m  observiuff,  estimating;,  and  recording  pnysiological  phenomena.  We  see  further 
marks  of  q^vance  141  the  increasing  application  of  the  other  sciences,  especially 
cheinistry  and  physics,  to  the  elucidation  of  the  living  economy,  and  in  the  readi- 
ness with  whicn  new  discoveries  in  these  sciences  are  taken  advantage  of  for  the 
prosecution  of  anatomical  and  physioloncal  research.  Through  these  means  more 
extended  and  more  precise  data  are  obtained  for  the  discovery  or  recognition  of 
prevailing  laws  and  the  construction  of  rational  theory ;  and  physiology  la  ac- 
q^uiring  more  and  more  the  character  of  an  exact  study.  It  is  now  two  centuries 
smce  tne  microscope  was  first  used  in  anatomical  and  physiological  inquiries,  and 
yet  I  can  remember  the  time  when  its  use  might  have  been  considered  exceptional 
— ^wheii,  at  any  rate,  it  was  confined  to  a  very  few  hands;  but  now  it  might 
almost  be  said  that  no  physiolo^st  or  naturalist  is  without  one.  Great  improve- 
ments are  continually  being  made  in  the  potency,  precision,  and  convenient  appli- 
cation of  the  instrument ;  and  signal  advantage  has  been  gained  from  the  use  of 
appropriate  reagents  for  facilitating  microscopical  investigation.  We  need  not 
look  abroad  for  examples ;  some  of  the  most  important  fruits  of  recent  micro- 
scopical inquiry  are  due  to  the  zeal  and  sagacity  or  our  own  countrymen.  I  need 
refer  ^only  to  the  discoveries  concerning  the  intimate  structure  of  the  nervous 
system ;  and,  without  invidious  selection,  I  may  more  especially  signalize  the  well- 
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known  ^seiurclies  of  Mr.  LocUiart  Q|a¥l(0  pn  the  neryoiu  oentrea,  wMchi  I  am 
happy  to  soy,  h^  continues  successfully  tp  piosecutQi — ^the  discoveries  of  Professor 
B^e  on  the  siructui^  of  ganglions  and  ornenre-fibreS)  and  their  ultin^ite  distri- 
bution in  the  tissues  and  organs^ — and  the  interesting  observations  of  Mt*  Hnike 
on  the  retina.    By  using  higl^  inicroscopic  powers,  i^th  th^  greatest  address  and 
skill,  Dr.  Beale  found  out  excj^uisitelf  minute  fibrils  in  the  peripheral  branches  of 
the  nerveS;  and  traced  their  distribution  in  various  tissues.    These  inquiries  have 
been  followed  up  by  the  German  histplpgists,  and  now  it  i9  maintained  that  nerve- 
fibres  may  bo  traced  even  intq  the  pftrticles  of  epithelium.    Be  this  as  it  may,  it  is 
satisfactory  tQ  kpow  that,  as  the  functional  influence  of  the  nerves  has  been  found 
to  govern  m  a  higher  degree  and  more  dirept  manner  than  formefly  suspected  the 
circulating^  secreting^  ^d  other  nutritive  processes,  so   our  knowledge  of  the 
anatomical  domain  o(  the  nervous  system  is  being  correspondingly  extended.    As 
a  marked  instance,  I  may  refer  to  the  recent  observations  on  the  termination  of 
nerves  in  the  secreting  e^tithelium  of  glands.    In  proceeding  to  ea^  a  word  on 
other  instrumental  applications,  I  may  pass  over  the  continued  investigations  into 
the  electricity  of  nerves  and  muscles,  and  new  determinations,  by  new  methods, 
of  the  velocity  of  nervous^ezcitation,  as  well  as  new  observatioim  with  the  ophthal- 
mometer, ophthalmoscope,  laryngoscope,  and  the  newly  invented  cardio^ph,  and 
shall  content  myself  with  specializing  the  investigations  made  in  tms  country 
into  the  phenomena  of  the  pulse,  in  health  and  disease,  by  means  of  the  spbygmo- 
graph,  and  the  importi^it  experimental  in<][uiries  of  Br.  Sanderson  on  the  influence 
of  tne  thoracic  movements  on  the  circulation  of  the  blood,  carried  on  bv  means  of 
the  hsBmadynamometer  and  additional  ingenious  apparatus  contrived  oy  himself. 
The  account  of  his  observations  is  contained  in  the  Oroonian  Lecture  for  1866, 
delivered  by  him  before  the  Eoval  Society,  which  will  shortiy  be  published  in  the 
Philosophical  Transactions.     An  important   contribution  to  the   physiology  of 
respiration  W9S,  not  long  since,  derived  from  a  combined  chemical  and  optical 
investigation,  by  Professor  Stokes,  into  the  oxidation  and  deoxidation  ox   the 
colouring-matter  of  the  blood.    Spectrum  analysis  promises  much  aid  in  physio- 
logical inquiry.    It  has  been  already  employed  by  Br.  Bence  Jones  and  Mr.  Dupr^, 
in  a  most  remarkable  and  extensive  series  of  experiments  on  the  time  required  for 
the  absorption  and  elimination  of  foreign  matters  by  the  living  tissues,    xhe  sub- 
stance used  was  a  salt  of  lithia,  and  it  was  traced  into  and  out  of  the  non-vascular 
as  well  as  the  vascular  tissues.    The  continued  employment  of  chamical  means  in 
physiological  inquiries  scarcely  requires  any  comment.   I  must  nevertheless  make 
an  exception  in  regard  to  some  recent  experimental  results  which  lead  to  an  impor- 
tant modification  of  the  views  heretofore  generallv  entertained  as  to  thegeneration 
of  muscular  force.  From  an  experiment,  now  well  known,  by  Fick  and  Wislicenus, 
in  an  ascent  of  the  Faulhom,  tnese  observers  concluded  that  the  mechanical  force 
and  heat  developed  in  muscular  exertion  cannot  be  derived  solely  or  principallv 
from  oxidation  of  the  proper  muscular  tissue.    Dr.  Frankland  has  subjected  their 
data  and  conclusions  to  a  careful  chemical  criticism,  in  which  he  determined  ex- 
perimentally the  heat,  and  consequently  the  mechanical  force,  produced  bv  the 
oxidation  of  albuminoid  substances ;  and,  on  comparing  this  with  the  results  of 
the  Alpine  experiment,  he  has  fully  confirmed  the  conclusions  drawn  from  it.    It 
would  therefore  seem  as  if  a  muscle  ordinarily  uses  other  materials,  probaUy 
hydrocarbonous,  to  be  oxidated  in  the  production  of  force,  as  a  steam-engine  uses 
fuel,  and  not  its  own  substance.    More  lately  Professor  Parkes  has  made,  at  the 
Netley  Hospital,  two  series  of  very  careful  experiments^  in  which  the  whole  of  the 
discharged  nitrogen  was  exactiy  determined;  and  his  experiments^  which  are 
related  m  two  recent  Numbers  of  the  '  Proceedings  of  the  htoyal  Socie^,'  lead  to 
the  same  general  inference  as  those  of  the  Swiss  inquirers ;  but  Br.  rarkes  has 
further  found  that  nitrogen  is  retained  during  the  actual  performance  of  work, 
perhaps  even  taken  up  in  some  form  by  the  muscle  and  assimilated,  and  that  the 
discharge  of  it  mainly  takes  place  in  the  period  of  rest  whicli  succeeds  exertion. 
Without  unduly  protracting  these  rather  desultory  remarks,  I  may  be  permitted 
to  speak  of  a  new  and  curious  method  of  research  ^uite  recently  introduced  by  a 
foreign  experimenter,  which  has  as  yet  been  especially  employed  for  tracing  the 
more  intimate  distribution  of  the  ducts  in  the  liver  and  ki(Wy,  but  is  possibly 


76  BEFOKT — 1867. 

a|>plicable  to  the  solution  of  other  anatomical  and  physiolog^cfil  auestionB.^  It 
consists  in  injecting  into  a  vein  or  introducing  into  the  stomach  of  a  living  ammal 
a  colouring-matter,  which  may,  after  a  certain  lapse  of  time,  be  found  fillmg^,  and 
so  rendering  conspicuous,  the  gland  ducts  through  which  it  is  being  eliminated 
from  the  system.  It  is  needless  to  pursue  these  considerations  further,  and  it  is 
not  my  purpose  to  attempt  anything  m  the  nature  of  a  general  survey  of  the  recent 
work  aone  m  our  science.  The  number  of  active  workers  has  so  greatly  multiplied, 
and  the  published  results  of  their  labours  have  become  so  immense  in  extent  and 
yarietyi  that,  to  me  at  least,  it  would  be  a  hopeless  task  to  present  within  reason- 
able compass  any  consistent  and  intelligible  summary.  In  one  of  the  lately  pub- 
lished anniud  reports  on  the  progress  of  anatomy  and  phyaiolo^,  I  find  that  the 
writeis  referred  to  as  having  contributed  to  these  sciences  within  the  year  are 
between  five  and  six  hundred,  and  a  good  many  of  them  are  cited  for  two  or  more 
contributions.  One  fruitful  source  of  this  increased  production  has  been  the  insti- 
tution in  recent  years  of  physiological  laboratories  in  various  continental  seats  of 
learning,  in  which  practical  instruction  is  given  in  histological  and  physiological 
studies,  and  where  many  able  and  weU-trained  youn^  men,  ambitious  of  scientific 
distinction,  are  engsj^ed  in  prosecuting  original  inquiries.  No  one,  of  course,  can 
doubt  the  sain  to  science  thus  immensely  accruing ;  at  the  same  time  it  must  be 
admitted  t£at  the  eager  publication  of  immature  results  and  hasty  conclusions  to 
which  some  are  temnted,  and  the  corrective,  or  at  least  diverging  statements  of 
others,  equally  confiaent,  which  s}>eedily  follow,  present  in  not  a  few  cases  an 
amount  of  contradiction  and  confusion  most  bewilaering  to  any  one  who  desires 
to  master  the  existing  state  of  knowledge  of  the  subject.  But  although  this  is 
undoubtedly  a  drawback,  it  is  trifling  in  comparison  with  the  advantage  of  mani- 
fold activity  and  accelerated  progress.  Anatomical  and  physiological  journals, 
and  other  channels  for  the  publication  of  physiological  papers,  have  of  late  years 
been  on  the  increase  abroad,  and  au^ented  facilities  are  thus  afforded  for  dis- 
seminating new  matter ;  and  we  admire  (I  might  almost  say  envy)  the  number 
and  excellence  of  the  graphic  illustrations  with  which  they  are  furnished.  Such 
advantages  are  not  so  freely  offered  to  the  anatomists  and  physiologists  of  this 
country.  Anatomical  and  pnysioloncal  memoirs,  for  the  most  part,  require  elabo- 
rately executed  figures  for  their  illustration,  and  the  expense  of  a  journal  illus- 
trated fully  and  fitly  is  found  to  be  a  serious  obstacle  to  its  maintenance,  virith  the 
limited  circtdation  which  a  purely  scientific  periodical  has  heretofore  obtained  in 
Britain.  It  has  sometimes  occurred  to  me  that  a  publication  fund  might  be  esta- 
blished, which,  imder  unimpeachable  management  and  control,  might  be  applied 
especially  to  defray  part  of  the  expense  incurred  in  illustrating  scientific  memoirs. 
Such  a  purpose,  I  venture  to  think,  is  not  unworthy  of  consideration  by  those  who 
desire  to  promote  knowledge  by  pecuniary  foundations. 

Finally,  let  me  say  a  word  on  the  influence  of  the  British  Association  in  the 
promotion  of  our  science.  The  British  Association  carries  on  its  work  in  various 
yra,yB,  One  most  important  line  of  action  is  the  appointment  of  committees,  or 
individual  members,  to  draw  up  reports  on  the  progress  and  existing  state  of  par- 
ticular branches  of  science,  or  to  investigate  particular  scientific  questions  by 
actual  observation  or  experiment,  and  report  tiiereon ;  and  every  year  sums  of 
money  are  voted  to  meet  the  expenses  of  such  investigations,  lliese  reports  are 
published  in  extenso  in  the  annual  volume,  and  are,  for  the  most  part,  of  great  and 
acknowledged  value.  Bioloncal  science  has  fairly  participated  in  these  advan- 
tages, and  has  further  profited  through  the  example  set  by  tne  British  Association, 
which  has  led  other  mfluential  bodies  to  set  on  foot  mvestigations  by  similar 
means.  Doubtless  it  might  be  held  that  the  same  or  like  advantages  might  be 
obtained  through  a  stationary  scientific  institution,  and  without  such  local  gather- 
ings and  annual  visitations  as  that  which  we  are  now  attending ;  but  it  has  been 
justly  said  that  the  periodic  meetings  of  the  British  Association  in  difterent  places 
serve  not  only  to  freshen  the  interest  and  stimulate  the  activilr  of  the  habitual 
cultivators  of  science,  but  also  to  render  the  study  more  widely  attractive,  and 
enlist  fresh  energies  in  the  pursuit ;  and  then  it  must  be  remembered  that  the 
subjects  for  reports  and  particular  lines  of  inquiry  are  for  the  most  part  suggested 
or  determinea  by  the  discussions  that  take  place  at  these  meetings.    It  must  be 
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confessed,  indeed^  that  the  published  proceedings  (as  distinguished  from  special 
reports)  of  the  Section  of  Pnysiolo^  make  no  great  show  in  the  series  of  volumes 
issued  by  the  Association ;  but,  witiiout  undervaluing  the  reports  of  these  ]jro- 
ceecUngS;  I  would  venture  to  say  that  they  are  not,  and  cannot  well  be,  a  just 
measure  of  the  useful  work  done.  Much  of  the  good  effected  by  the  sectional 
meetings  can  never  be  recorded.  I  remember  being  present  at  an  assembly  of  the 
German  Association  of  Naturalists  at  Berlin  in  1828,  and  of  hearing  Oken,  one 
of  the  most  distinguished  members  and  original  founders  of  that  institution, 
declare  that  the  great  purpose  of  the  Association  was.  not  to  listen  to  long  and 
elaborate  communications,  out  rather  to  biing  men  of  kindred  pursuits  from  dif- 
ferent parts  into  Mendly  relation  with  each  otner,  affording  them  the  opportunity 
of  freefy  exchanging  iniformationi  exhibiting  new  and  interesting  specimens  and 
experiments,  offering  mutual  sugg:estions,  and  establishing  useful  coirespondence. 
All,  I  feel  sure,  will  admit  that  this  promotion  of  friendly  intercourse  amozig  men 
engaged  in  the  pursuit  of  science  and  those  interested  in  its  advancement  is  (and 
let  us  hope  it  will  long  continue  to  be)  one  of  the  great  benefits  conferred  by  the 
British  Association.  

On  the  Preservation  of  Fishing  Streams.    By  Sir  James  E.  Aiexander. 

Notes  on  the  Structure  of  certain  Hydroid  Medusa, 
By  Professor  Allman,  Jf.Z).,  F,B,S, 

I.   SLABBEniA. 

It  is  well  known  that  in  Slahberia  there  occurs  upon  each  of  the  four  radiating 
canals  a  definite  oval  enlargement,  which  so  closelv  resembles,  in  external  appear- 
ance and  in  Tposition,  the  generative  pouches  oi  Obelia,  and  of  several  other 
Hydroid  Medusee,  that  a  similar  function  has  been  hitherto,  without  hesitation, 
assigned  to  it.  It  has,  however,  nothing  to  do  with  generation ;  it  consists  of  a 
mere  thickening  of  the  waUs  of  the  cana^  and  in  no  case  could  any  trace  of  ova  or 
spermatozoa  be  detected  in  it. 

It  is  in  the  walls  of  the  manubrium  that  the  generative  elements  are  developed, 
and  the  manubrium  becomes  enlarged  by  their  presence  for  a  definite  extent, 
exactly  as  in  Sarsia,  Nothing,  however,  has  been  discovered  which  seems  capable 
of  throwing  further  light  on  the  import  of  the  enlargements  of  the  radiating  canals. 

It  will  be  thus  seen  that  Slahberia  belongs  to  tnat  group  of  Hydroid  Medusie 
which  produces  its  generative  elements  in  the  walls  of  the  manubrium  instead  of  in 
special  generative  buds  developed  from  the  radiating  canals.  In  other  words,  it 
belongs  to  the  true  ^'  gonophore  "  rather  than  to  that  form  of  Medusa  to  which 
the  author  had  elsewhere  given  the  name  of  '^blastocheme." 

Forbes,  the  founder  of  the  genus,  misled  by  the  peculiar  dilatations  of  the 
radiating  canals,  and  not  recos^izing  the  presence  of  generative  elements  in  the 
manubrium,  regarded  Slahberia  as  a  blastocheme ;  and  this  view  has  since  been 
accepted,  although  the  presence  of  distinct  ocelli  and  the  absence  of  lithocysts 
might  have  raised  doubts  as  to  its  justice. 

It  may  be  noticed  that  Agassiz  describes  dilatations  of  the  radiating  canals  in  a 
North  American  Permaria,  and  regards  them,  though  with  some  hesitation,  as 
^nerative  sacs.  There  can,  however,  be  littie  doubt  that  the  medusa  of  Pennca-ia 
IS  a  true  phanerocodonic  gonophore,  having  its  generative  elements  developed  in 
the  walls  of  its  manubrium ;  and  it  is  by  no  means  improbable  that  the  dilatations 
of  the  radiating  canals  in  Pennaria  may  have  the  same  significance  as  those  in 
Slahberia. 

n.  On  some  peculiariiies  in  the  Structure  of  Obelia. 

The  little  medusa  which  forms  the  subject  of  the  present  notice  is  produced  by 
the  very  common  hjdroid  Obelia  {Laomedea)  geniculatay  from  whose  gonangia  it 
may  be  seen  escaping  in  shoals  during  the  whole  of  the  spring  and  summer 
months.  The  marginal  tentacles  in  the  recently  liberated  medusa  are  twenty-four 
in  number.  Of  these  four  are  radial,  being  situated  in  the  same  meridional  planes 
with  the  radiating  canalS;  and  between  every  two  radial  ai'o  five  inteiradial  ten- 
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tacl^a :  thev  have  nil  ft  veiy  distinctly  chamb^ted  vliAAj  colnposed  of  ft  single  seiieft 
bf  c^lifi  mi6^  bdntiguctis  walls  fdim  the  transrerse  ;partitions.  Each  chamber 
cbntains  a  cleat  homogeneous  fltiid,  -^th  a  nucleus  whicn  is  usually  seated  on  the 
cbntre  of  the  partition  wall,  and  imbedded  in  a  mass  of  granular  protoplasm,  which 
is  frequently  continued  through  the  atis  of  tke  cell  in  the  form  of  a  filament 

The  chambered  Axis  of  the  tentacle  becomes  slightly  thicker  towards  the 
proximal  bnd,  aiid  is  here  continued  into  the  substance  of  the  umbrella,  through 
nearly  the  entire  of  whose  thickness  it  runs.  The  terminal  cell  of  the  tentacle 
root  thus  plunged  into  the  gelatinous  mass  of  the  umbrella  is  mubh  larger  than  any 
of  the  others  whick  foml  the  axis  of  the  tentacle.  Like  the  other  cells  of  the 
axis,  it  frequently  presents  a  nucleus  on  some  part  of  its  walls; 

The  ails  of  the  tfentaclb  ife  strrounded  by  an  ectodermal  tube,  composed  appa- 
rently bf  membraneless  cells,  and  having  great  numbers  of  minute,  curved  thread- 
cells  Inuhersed  in  it.  Near  the  robt  of  the  tentacle  its  ectoderm  is  thickened  into 
d  cushion-like  swelling,  Which  becomes  continuous  with  the  umbrella  margin. 
Between  the  ectoderm  and  the  chambered  core  of  the  tentacle  is  a  well-marked 
layer  of  longitudinal  muscular  fibres. 

The  tentacle  is  thus  absolutely  solid  in  its  entire  extent,  presenting  nowhere  anv 
trace  of  an  axile  tube.  There  can  be  therefore  no  communication  between  it  an^ 
the  circular  canal,  which  accordingly  simply  passes  over  the  subumbrellar  side  of 
its  root. 

The  author  had  been  unable  to  find  any  trace  of  a  velum  which,  certainly  at  the 
period  of  liberation,  does  not  present  a  visible  rudiment,  though  in  certain  positions 
of  the  medusa  the  optical  expression  of  the  thickness  of  the  umbrella  pioduces  a 
deceptive  appearance  which  may  be  mistaken  for  a  narrow  velum. 

It  will  be  thus  apparent  that  there  are  two  points  in  which  Ohelia  contrasts  moat 
strongly  with  the  great  majority  of  hydroid  MedussD,  namely,  (1)  the  structure  of 
the  tentacles,  and  their  entire  want  of  connexion  with  the  gastrovascular  system^ 
and  (2)  the  non -development  of  a  velum. 

The  condition  of  the  tentacles  in  Ohelia  is  entirely  that  of  those  organs  in  tbe 
\etj  aberrant  genus  Cunina,  where  they  are  also  inserted  into  the  substance  of  the 
umbrella  bv  a  root  chambered  like  the  rest  of  the  tentacle.  The  tentacles  of  OhdU^ 
too,  just  like  those  of  Cuninay  are  remarkable  for  their  slight  extensibility,  their 
motions  consisting  chiefly  in  a  spasmodic  jerking  up  and  down.  The  umbrella 
possesses  but  slignt  contractility,  and  the  progression  of  the  medusa  would  appear 
to  be  cklefly  eftected  by  the  fin-like  action  of  the  tentacles.  The  hajbitually 
everted  conaition  of  the  umbrella,  which  causes  what  is  its  inner  surface  in  other 
ihedusoB  to  become  here  convex,  and  its  outer  surface  to  become  concave,  would 
seeUi  to  be  connected  with  the  non-development  of  a  velum. 

in.  The  Structure  of  the  Lithocyds  in  the  Medusa  of  Campanulaiiia. 

In  the  medusa  of  CampamUaria  Jokrutoni  (a  medusa  referable  to  the  deep- 
belled  section  of  Gegenbaur's  genus  JSucope)  the  marginal  bodies  or  "lithocysts  " 
are  situated  on  a  chord-like  structure  which  runs  round  the  margin  of  the  umbrella, 
and  which  presents  a  little  oval  enlargement  at  each  of  the  points  where  it  sup- 
ports a  lithocyst.  This  chord-like  portion  has  keen  noticed  in  other  medusas,  and 
kas  been  reguxled  as  a  nerve-chord  with  ganglionic  enlargements ;  but  it  is  plainly 
nothing  more  than  the  ectoderm  of  the  lower  surface  of  the  marginal  canaL  The 
lithocyst  is  immersed  for  a  slight  depth  in  the  marginal  enlargement  which  sup- 
ports it,  and  which  sends  a  very  delicate  extension  of  its  substance  over  thfe  whole 
of  its  free  surface ;  it  consists  of  a  spherical,  transparent,  and  structureless  yesicle, 
the  greater  part  of  whose  ca^-ity  is  occupied  by  a  soft  pulp.  In  this  pulp,  which 
has  necessarily  a  spherical  form  corresponding  to  that  of  the  containing  vesicle^ 
there  is  excavated  at  the  distal  pole,  or  that  which  is  opposite  to  the  basis  of 
attachment  of  the  vesicle,  a  pit-like  cavity,  and  within  this  cavitv,  but  not  entirely 
filling  it,  is  the  spherical,  hicrhly  refracting  concretion.  In  the  spherical  pulp 
itself  no  trace  of  structure  could  be  detected,  but  its  surface  is  marked  by  twelve 
or  fifteen  delicate  striae,  which  take  a  meridional  course  at  exactly  equal  distances 
from  one  another.  At  the  distal  pole  they  all  terminate  distinctly  m  the  intltgin 
of  the  pit-like  ezcayation,  and  may  be  thence  traced  to  within  a  snort  distance  of 
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the  optJoaite  pole^  the  strise  genetally  appearing  light-cbldtlted  wheti  cbtitMsted 
with  the  darlcer  Intertening  Spaces:  On  the  nature  of  thesfe  BtrisB  no  filtthet  liffht 
could  be  tnrdwti  i  but  the  attthOf  hid  little  doubt  that  thfey  are  i«rhat  Hetisen  has 
incorl-ectly  interpreted  as  '*  auditort  haird  "  in  a  medusa  which  l^e  rfefers  t«  the 
genus  Oielia,  but  which  probablt  belonffS  tb  the  present  tynfe.  It  tHU  be  sfeen,- 
too,  that  the  structure  of  the  lithocyst  in  Campanularia  dittert  in  mrttly  rfesjttetts 
from  that  of  the  same  body  in  thb  Oeryonida  as  described  by  Heeckel;  thdtlgH  the 
meridional  striae  with  wllich  the  surface  of  the  central  pulp  is  marked  in  CStt/ii- 
pamdaria  may  suggest  a  comparisbn  with  the  two  8up|)08ed  "  senSe-nerVfeS  "  which 
Hjeckel  HaS  obseryed  running  in  two  opposite  hieriaiaiis  on  the  inner  Sidb  df  the 
wall  df  the  capsuld  in  Oarmarina  aiid  Gloe6i)codon. 

JS'otice  of  some  i-are  Plants  recentlv  collected  in  Scotland. 
By  Professor  Balfoub,  M,b.,  M.A.,  F.R.S. 

In  this  communication  Professor  £ialfour  alluded  to  the  localities  for  rare  plants 
ini  Scotland)  and  referred  to  the  statements  made  lis  to  the. supposed  disappearance 
of  plants  from  the  zeal  of  botanical  collectors.  He  stated  that  fl  p]:ize  nad  been 
offered  by  the  Maharajah  of  Jeypore  to  the  Botanical  Class  of  the  Uniyersity  of 
Edinburgh  for  the  best  collection  of  Scotch  plants,  and  that  the  announcement  of 
this  had  called  forth  a  severe  remonstrance  from  a  London  correspondent,  who 
warns  the  Uniyersity  against  allowing  such  a  prize  to  be  given  on  account  of  the 
risk  df  extirpating  rare  plants.  Professor  Balfour  showeS  that  such  ffeart  were 
groundless,  and  that  the  localities  bf  rare  plants  had  suffered,  not  so  much  from 
Botanists  as  froih  nurserymen  and  others  who  collected  for  the  purpose  of  ^b,  as 
well  as  from  the  improved  cultivation  of  the  country,  drainage,  and  other  agricul- 
tural improvements.  One  rare  plant,  Phyllodoce  carideay  had  been  nfearly  destroyed 
by  the  rapdcity  of  a  Scotch  nurseryman ;  but  Professor  Balfour  was  happy  to  say 
tfie  plant  still  existed  on  the  Sow  of  Athole,  and  he  showed  a  specimen  which  had 
been  collected  in  August  last.  Drainage  was  ajQecting  seriously  the  localities  in 
which  CoraRorrhiza  innata  was  known  to  grow,  but  several  new  stations  had  been 
found  in  Scotland.  Pinffuicula  alpina  Was  becomiuff  very  scarce,  owing  to  the. 
drainage  of  the  Blade  Isle.  The  greatest  injury  haa  been  caused  in  the  casei  of 
ferns,  which  torero  how  cultiyated  for  sale  to  a  very  lar&fe  extent ;  tod  Professor 
Balfour  knew  of  instances  where  JlngUsh  cdllectors  nad  robbed  stations  for 
Woodsia  hjperhorea  and  itvensis,  O/stopteris  montana,  Asplmum  septerdriowdey 
A.  yermanicum,  and  others.  In  these  cases  money-inaking  was  the  object;  He 
was  fflad  to  say,  however,  that  new  localities  \tere  constantly  being  discoyered, 
and  that  botanists  were  now  becomino'  cautious  in  their  commimicittion  to  ruthless 
vendors  of  plants..  New  localities  haa  been  found  for  Goodyera  repens  near  Edin- 
burgh and  near  Melrose.  CoraUorrhiza  innata  had  been  fotmd  in  deverol  places  in 
Fife  and  Perthshire. 

Professor  Balfour  tben  hotibed  ftn  addition  to  the  flora  of  Scotland  in  the  case  of 
Apera  intemqyta,  which  occurred  in  large  quantity  on  Dirleton  Common,  about 
twent^r  miles  east  from  Edinburgh.  He  then  gave  an  account  of  a  trip  to  t)al- 
whinnie  in  August  last,  during  which  ho  and  his  party  had  visited  the  Sow  of 
Athole,  the  Boar  of  Badenoch,  Loch  Ericht  and  Locb  Ijaggan,  Ben  Atdder,  and 
Corryarder.  He  described  the  occurrence  of  snow  in  large  quantity  on  the  hills, 
and  mentioned  that  he  obseryed  Polypodium  alpestre  ana  P,Jlexile  m  abundance. 
He  had  gathered  in  Glen  Tilt  i}icranum  GremUtanum  and  several  other  rare  mosses 
which  had  been  recently  discovered  by  Miss  Mclnroy  of  Lude.  He  ha4  visited  the 
station  of  Polypodium  cakareum^  near  Aberfeldy,  and  observed  the  fern  growing 
plentifully  in  an  old  limestone-quarry.  He  noticed  also  the  occurrence  of  Aster 
saUgnit$  in  considerable  qunntit^r  in  several  stations  on  the  banks  of  the  Tay,  par- 
ticularly near  Dalguise  and  Seggieden.  tn  the  latter  place  it  had  been  seen  for  many 
years  by  Colonel  l)rummond-Hay. 

On  the  Claims  of  Arboriculture  as  a  Science,     By  William  Bbowx. 

The  author  said  that  those  points  in  the  scientific  culture  of  trees  the  elucidation 
of  which  is  so  much  wanted  to  guide  and  assist  the  practical  forester;  or  those 
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influences,  good  or  bad,  whicli  trees  are  foond  to  possess  over  the  soil  and  climate, 
had  not  been  taken  up  by  the  Association.  He  wished  now  to  claim  for  arbori- 
culture such  a  position  in  science  as  its  importance  deserved.  He  showed  that  trees 
occupied  in  Britain  one  twenty-second  part  of  the  whole  area,  or  only  one-third  less 
than  what  is  under  green  crops.  To  eyery  eleyen  acres  of  cultivated  land  there  is  one 
of  wood,  and  one  to  every  sixteen  of  uncultivated.  The  gross  yearly  value  of  this 
wood-crop  was  stated  to  be  no  less  than  £2,600,000.  The  effects  of  trees  on  the 
climate  were  then  expluned,  injudicious  clearings  or  overplanting  respectively 
causing  aridity  and  humidity.  The  want  of  a  due  proportion  of  a  country  under  a 
tree-crop  is  certain  to  cause  irresrularity  of  temperature,  violent  storms,  and  dry- 
ness ;  wnile  it  may  be,  on  the  otner  hand,  over-clothed,  so  as  to  bring  about  Just 
the  opposite  effects.    As  illustrative  of  the  effects  of  trees  on  the  health  of  the 

Sopulation,  reference  was  made  to  the  districts  of  Grantown  and  Abemethy,  in 
trathspay,  which  until  of  late  were  covered  with  close  masses  of  plantation  and 
natural  forests ;  but  a  regular  system  of  thinnings  ond  clearings  having  been  carried 
out,  the  result  has  been  a  great  and  ^padual  decrease  of  deaths,  in  consequence,  as 
he  fully  substantiated  by  statistics,  mamly  to  the  wood-surface  having  been  brought 
down  to  a  more  healthy  proportion. 

On  British  Fossil  Cycadeas,    By  W.  Carruthebs,  F,LJ3.,  F.O.S. 

After  describing  the  structure  and  peculiarities  of  living  Oycads^  the  author  gave 
a  history  of  our  knowledge  of  the  known  British  fossil  species.  Two  genera  had 
been  described,  Clathrana  ond  Cycadoidea,  Clathraria  had  a  simple  or  bifurcated 
stem,  with  the  internal  structure  of  Cycas,  The  scars  on  the  stem  are  alternately 
large  and  small  as  in  the  recent  genus,  and  some  fruits  found  in  the  same  IkkIs 
with  them  agree  generally  with  those  of  Cycaa.  Four  species  have  been  found, 
Clathraria  LyeUii  (ilaxit. ), ^  C.MafUeUi  (Carr.),  C.  BucTdandti  (Cbit.),  and  C.  MiOeri 
(Carr.)  A  new  genus,  Yatesiaj  was  established  for  a  fossil  witn  a  simple  stem  with 
uniform  scars  and  having  fruits  in  terminal  cones.  A  sin^o  species  was  known  of 
this  genus  in  Britain,  Kitf(>mtV(Carr.).  Buckland's  genus  C^cad(ndeahBAh\ilh]f orm 
trunks  with  small  branches  permanently  attached  to  the  stem.  Three  species  have 
been  described,  C.  megahphyUa  (Buckl.),  C  microphylla  (BuckL),  and  C  pygmaa 
(Lindl.  andHutt.^.  A  fourth  genus,  named  Bermettitea,  in  acknowled^ent  of  the 
great  assistance  nven  to  the  author  by  J.  J.  Bennett^  Esq.,  of  the  British  Museum, 
was  established  for  three  remarkable  forms,  distingmshed  from  all  other  Cycads  in 
having  an  oval  stem  and  a  single  woody  cylinder  from  which  the  vascular  tissue 
for  eiuih  leaf  separated  in  a  single  bundle.  The  fruit  of  the  genus  was  described. 
This  consisted  of  seeds  borne  on  the  ends  of  branched  pedicels,  which  were  deve- 
loped from  the  apex  of  short  branches  in  the  axils  of  the  leaves.  Three  species 
were  described^  iennettites  Saxhyi  (Carr.),  B,  Gibsoni  (Carr.),  and  P.  Peachii  ((3anr.). 

Bemarhs  on  the  Entozoa  of  the  Common  Fowl  and  of  Game  Birds,  in  Iheir 
supposed  relation  to  the  Grouse  Disease.     By  Dr.  Cobbold,  FMJS,,  F.L,8, 

The  author  presented  a  list  of  upwards  of  twenty  distinct  forms  of  Entozoa 
which  had  been  recorded  as  infesting  this  grouj)  of  birds.  Taking  each  bird  sepa- 
rately, one  entozoon  only  had  been  described  as  infesting  the  red-legged  partridge ; 
five  nad  been  foimd  in  the  grey  partridge,  four  in  the  quail,  four  in  the  common 
grouse,  three  in  the  black  grouse,  four  in  the  pheasant,  and,  lastly,  fourteen  in  the 
fowl.  It  would  segpi  that  the  prevalence  or  aosence  of  Entozoa  m  the  grouse  had 
no  connexion  with  the  so-callea  *'  grouse-disease ;''  that  was  an  inflammatory  dis- 
order of  the  blood  terminating  in  gangrene  and  pysemia.  The  tapeworm  of  the 
grouse  had  been  regarded  as  a  distinct  species ;  but  the  author  haa  no  doubt  that 
it  was  identical  with  the  Tania  Unea,  which  also  infested  the  partridge  and  quaiL 

Observations  on  the  Habits  of  Flyingfish  {Exoccetus). 
By  Dr.  Coluwgwood,  M.A,y  F,LJS, 

These  observatioiis  were  made  with  a  view  of  discovering  the  object  of  the 
fiyingflsh's  aerial  excursions,  and  also  the  mode  by  which  they  sustained  them- 
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selves  so  long  out  of  the  water,  and  propelled  themselves  through  the  air.  The 
results  satisfactorily  show  that  tiie  iiyingiish  never  leaves  the  water  except  pressed 
by  its  aquatic  enemies;  and  with  regard  to  the  second  point,  although  their 
passage  from  the  water  to  the  air  is  always  accompanied  by  a  rapid  vibration  of 
the  pectoral  fins,  such  a  yibration  does  not  continue,  nor  does  it  recur  unless  the 
fish  passes  through  a  wave-crest,  or  injsome  manner  wets  its  fins  afiresh.  In  this 
case  a  new  vibration  occurs,  and  it  seems  the  stimulus  of  the  sea-water  produces 
the  vibration  in  question.  But  the  fish  may  progress  with  great  rsjg^di^  for  70 
or  80  yards,  without  any  fi*esh  vibration,  althougn  it  never  rises  mo^iiitf^^ai^Jtfobll  oi^  /j  ^ 
eighteen  inches  above  the  surface  of  the  waves.  //^      *'i    riiK        ^ 

Ji  IT  i'^  ^  V  E  ^  S I T  Y 

On  Pelagic  floating  animals  observed  at  omr  i-  iTw  w 

By  Dr.  Collinowood,  M.A,,  F.L.S.     \sj^*  )  y^^  t^  V 
In  this  paper  the  author  gave  an  account  of  observations  upo^^^'y)MtiiMkee*' 
and  range  ot  certain  oceanic  Mollusca,  Pteropods,  compound  TunicSts; 
Crustacea,  &c.,  which  he  had  met  with  in  a  voyage  of  considerable  duration,  chiefly 
within  the  tropics.    It  was  illustrated  by  specimens  and  coloured  drawings. 

Notes  on  Oceanic  Hydrozoa,    By  Dr.  Collinowood,  M,A,y  F,L.S. 

The  various  species  of  Lucemariadse  and  Phpophoridse  formed  the  subject  of  this 
communication.  The  author  referred  to  the  circumstances  under  which  they  occa- 
sionally occurred  in  great  profusion  upon  the  surface  of  the  ocean,  usually  all  of 
the  same  species,  at  the  same  time.  The  shoals  embraced,  on  different  occasions, 
AureUa,  Mhisostoma^  jPielagia,  StephanomiOf  PhysaUa^  Velelioy  and  Porpita,  He  espe- 
cially described  the  magnificent  species  of  Phystdia,  seen  in  some  abundance  near 
the  £quator  in  the  Atlantic  Ocean,  which  were  each  accompanied  by  a  number  of 
small  fishes,  which  harboured  under  the  shelter  of  the  long  tentacles  and  polypites 
of  the  Physalia,  

On  some  remarkable  Marine  Animals  observed  in  the  China  Seas. 

By  Dr.  Colling  wood,  M,A.,  F,L,S. 

The  author  stated  that  he  had  found  many  new  species  of  Nudibranchiata,  Pla- 
narian  Annelids,  Crustacea,  Echinoderms,  &c.  upon  the  shores  of  China,  Formosa, 
Borneo,  and  Singapore  Straits,  of  which  he  exhibited  specimens.  He  described 
the  habits  of  some  remarkable  crustaceans  which  inhabit  the  sandy  shores  of 
these  countries,  and  exhibited  some  new  species  of  snapping  shrimps  (Alpheus) 
from  China  and  Singapore.  He  announced  also  the  discovery  of  some  enormous 
Actiniae  inhabiting  the  coral-reefs  of  the  China  seas,  in  whicn  a  number  of  fishes 
lived  semiparasiticaUy.  He  had  met  with  these  Actinite  on  the  submerged  reefs 
of  the  Chma  seas,  and  also  upon  the  coast  of  Borneo,  and  had  himself  extracted  a 
living  fish  from  one  of  them.  The  paper  was  illustrated  by  a  large  series  of 
coloured  drawings,  made  by  the  author,  from  life,  the  greater  part  of  them  being 
of  new  species,  to  be  afterwards  described. 

On  Trichodesmium,  or  Sea-dust.     By  Dr.  Colling  wood,  M,A,,  F.L,S. 

The  curious  little  Al^  remarked  by  former  observers  as  discolouring  the  sea  in 
some  parts  of  the  worM  was  ol««rved  by  the  author  in  greatest  profusion  in  the 
China  sea,  where  it  formed  a  thick  scum  of  many  miles  m  extent.  It  never  pre- 
sented the  blood-red  appearance  of  the  two  species  of  Trichodesmium  described 
by  Montague  and  others,  but  was  always  of  a  imiform  pale  straw-colour.  The 
author  believed  that  it  was  a  different  species  from  71  JShrenberffii  or  T,  IIindsi%\ 
and  stated  that  it  was  confervoid  in  character,  exhibited  no  spontaneous  movements, 
but  was,  in  some  parts  of  the  Indian  Ocean,  associated  with  an  OsciUatoriay  which 
he  also  described  with  figures.  _ 

Professor  Dickson  exhibited  an  abnormal  Leaf  of  Primus  lauro'ceraskis, 
1867.  6 
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On  the  Morphology  of  the  Arthropoda,    By  Aktoh  Dohbk,  Dr.  PhU.  Jem. 

The  author  had  studied  the  development  of  Palamon,  Idthodes,  Fbrtunusy  and 
more  especiaUj  Myais  and  Cutna,  He  considers  the  complex  respiratorj  apparatus 
of  Cutna  as  a  high  degree  of  elaboration  of  the  simple  form  met  with  in  Zc^.  The 
micropyle  apparatus  in  the  back  of  Ch$ma  and  the  Bdriophthalma  is  nothing  but  the 
remains  of  tne  doisal  spine  of  ^>eay  or  rather  of  the  larval  fbrm  of  the  cirripeds. 
which  he  calls  Archizoea,  as  he  believes  Zoea  takes  its  origin  from  it  The  larval 
membrane  of  Crnna  eaidJEdriophthedtna  is  nothing  but  the  last  remains  of  the  carapace 
of  the  Nauplius  of  the  cirripeds.  The  trefoil-like  appendages  of  Azetttu  are  the  last 
remains  of  the  Zoea  state,  representing  the  carapace,  the  spines  on  the  sides  of  the 
carapace,  and  the  respiratory  apparatus  of  the  Zoea,  The  two  pairs  of  antennse 
and  the  mandibles  of  me  Crustacea  are  homologous  with  the  three  pairs  of  extre- 
mities of  Nauplius.  The  plate  and  appendage  which  reach  the  top  of  the  head  in 
the  Cuma  embryo  develope  into  the  carapace  and  branchial  apparatus.  The  plate 
in  Cuma  and  Fhrj/yanea  are  identical.  ,  In  Cuma  it  becomes  the  carapace,  in  ^ru^ 
oanea  the  head-plate  j  whilst  the  appendage  which  in  Cttma  forms  the  top  of  the 
branchial  apparatus,  forms  in  Phryganea  the  antennse. 

Amblystegium  confervoides,  a  Moss  new  to  Britain.    By  John  Fbaser,  M.D. 

While  visiting  Bovedale,  on  the  29th  of  November  186^  for  the  purpose  of  exa- 
mining its  mosses,  the  author  was  fortunate  enough  to  find  a  small  and  in  some  re- 
§»ect8  an  insignificant  moss,  but  which  has  never  before  been  observed  in  the 
ritish  Isles.  It  has  been  submitted  both  to  Mr.  Wilson  of  Wanington  and  Pro* 
fessor  Schimper  of  Strasburg,  who  are  quite  agreed  as  to  what  the  moss  is,  and  who 
are  satisfied  that  this  is  the  first  time  it  has  l^en  recorded  in  this  country.  It  has 
previously  been  found  on  the  Alps  and  other  parts  of  Eiurope. 

The  romantic  dale  of  the  Dove  is  on  the  conmies  of  Derbyshire  and  Stafibrdshire ; 
it  consists  of  the  Mountain  Limestone,  which  rises  on  either  side  to  a  considerable 
elevation.  The  new  moss  was  picked  up  in  that  portion  of  it  which  belongs  to 
Staffordshire,  powing  in  patches  more  or  less  extensive,  not  on  the  bark  of  trees, 
nor  on  the  sohd  rock,  but  on  detached  stones  of  small  size  in  shady  places.  It  haa 
not  been  found  except  in  one  place,  and  that  over  a  small  area  and  in  small 
qiiantity.  It  is  to  be  hoped  that  it  may  be  found  in  other  parts  of  the  limestone 
in  that  district,  as  well  as  in  other  parts  of  England. 

The  moss  itself  is  one  of  the  smallest  species.  It  has  much  affinity  to  Jlyprntm 
vicurvatumy  differing  chiefly  in  its  smaller  size,  hair-like  depressed  branches,  and  in 
the  lax  texture  of  the  leaves,  which  are  quite  destitute  of  nerve.  At  first  it  was 
supposed  to  be  Amblygtegium  subtile ;  but  this  has  a  straight  erect  capsule,  no  cilia 
to  tne  inner  peristome,  and  leaves  faintly  nerved. 

The  following  description  of  it  was  drawn  up  for  the  most  part  by  Mr.  Wilson : 
— Ambfydegium  confenoides  of  Bruch  and  Schimper  is  monoecious,  growing  in 
patches  on  stones  and  in  shady  places ;  stems  creeping,  very  slender,  subpinnate, 
sparingly  branched:  branches  capiUiform;  leaves  scattered,  secund,  more  or  less 
spreading,  ovate  -  lanceolate,  acuminate,  entire^  nerveless;  perichtetial  leaves 
longer,  erect ;  capside  cernuous  oblong,  slightly  incurved,  pale  brown,  semipeUu- 
cid;  operculum  convex,  apiculate ;  annulus  small,  deciduous ;  inner  peristome  with 
cilia ;  outer  peristome  jreUow,  fruit-stalk  one-third  of  an  inch  long. 

Specimens  and  drawings  of  this  moss  were  exhibited. 

On  the  Destrueiion  of  Plantations  at  Drundanrig  by  a  species  of  Voile. 

By  Dr.  Grierson. 

The  ravages  of  one  or  more  species  otArvicola  or  Vole  in  the  plantations  at  Drum- 
lanrig  in  Dumfriesshire  have  been  for  years  increasing.  As  mr  as  the  author  can 
leani,  puch  was  not  specially  noticed  until  about  the  year  1862.  Since  then  the  de- 
struction might  be  represented  by  high  figures.  It  would  seem  that  the  Voles  hare 
migratory  habits,  at  times  appearing  in  vast  numbers  in  plantations  where  they  had 
not  been  previously  noticed ,  and  which  they  almost  completely  destroy.  The  destruc- 
tion is  principally  among  the  young  oaks  and  ash.  A  ring  of  bark  is  gnawed  from 
the  tree  close  to  the  root,  where  it  is  covered  with  grass.    ITie  effect  of  this  ring  of 
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bark  being  remored  is  the  destruction  of  tlie  tree.  Plantations  are  liable  to  be  sc^ 
injured  until  they  ore  of  more  than  twelve  years' growth.  Should  there  be  any  trees 
of  holly  their  bark  is  almost  wholly  removed,  n  is  in  the  winter  months  that  the 
destruction  chiefly  takes  place^  especially  when  the  ground  is  covered  with  snow. 
In  the  examination  of  hundreds  oi  voles  obtained  from  the  Drumlanrig  plantations 
the  author  distinguished  two  species  i  the  one  corresponds  to  the  Arvicota  jpraiemis, 
the  other  to  the  A,  agresHi,  The  former  bears  but  a  small  proportion  in  number  to 
the  latter.  There  can  be  little  or  no  doubt  that  the  enormous  increase  of  voles  is 
owing  to  the^  relentless  extirpation  of  rapacious  birds^  and  especially  of  the 
weasles.  While  nature  save  unlimited  fertility  to  the  Rodentia^  she  bounded  their 
destructive  increase  by  tne  camivora ;  and  it  is  not  wise  for  man/  for  the  sake  of 
sporty  to^  disturb  that  order.  Nature  will  .not  suffer  him  with  impunity }  the 
forests  will  become  blighted,  and  the  land  overrun  with  vermin,  unless  he  ceases  to 
destroy  indiscriminately  the  hawks,  the  owls,  and  the  weaales. 


On  certain  Simulations  of  Vegetable  Orowihs  by  Mineral  St^batanees, 

By  John  Deakin  Heaton,  M.D, 

Several  observers  have  noticed  the  curious  arborizations  which  are  developed 
upon  crystals  of  various  salts  when  immersed  in  a  solution  of  silicate  of  soda, 
varying  in  form  and  other  characters.  Sulphate  of  iron  seems  to  be  the  salt  whose 
crystals,  when  so  immersed,  produce  the  most  free  and  beautiful  forms ;  and  the 
observations  noticed  had  been  made  with  this  salt  If  small  fragments  of  these 
crystals  be  dropped  into  a  solution  of  silicate  of  soda,  formed  oy  diluting  the 
commercial  solution  with  about  twice  its  measure  of  water,  and  having  a  density 
of  about  lOGS,  very  beautiful  arborizations  will  soon  begin  to  shoot  perpendicularly 
upwards,  attaining  the  height  of  3  or  4  inches  in  a  few  hours,  consisting  of  trunks 
BubdivicUng  and  ramifving  into  branches  of  the  greatest  delicacy,  and  exactly  re- 
semblino^  a  miniature  torest  of  leafless  trees,  or  imitating  a  mass  of  confervsB,  the 
mode  01  ramiflcation  and  the  rapidity  of  growth  varying  with  the  density  of  the 
solution  used.  If  a  much  weaker  solution  be  used,  formed  by  diluting  that  of  the 
strength  previously  employed  with  two  or  three  times  its  own  meastue  of  water, 
and  tne  crystal  be  suspended  by  a  thread  just  below  the  surface,  instead  of  being 
allowed  to  drop  to  the  bottom,  roots  will  shoot  dotvntpards  to  the  bottom  of  the  glass 
jar  containing  the  solution,  but  there  will  be  no  growth  upwards.  By  using  a 
solution  of  an  intermediate  strength  the  author  had  sometimes  obtained  contorted 
fibres,  like  roots,  growing  downwards,  and  stems  growing  perpendicularly  upwards 
on  the  same  crystal,  suspended  in  the  middle  of  the  solution.  The  branches  which 
grow  upwards,  like  the  ascending  stem  of  a  plant,  do  not  owe  their  tendency  to  ascend 
to  their  having  a  lower  specific  gravity  than  the  liquid  in  which  they  are  formed ; 
on  the  contrary,  when  broken  from  their  support,  they  at  once  sink  to  the  bottom 
of  the  liquid.  The  same  is  true  with  respect  to  the  downward  roots,  which  sink 
to  the  bottom  when  detached  from  the  crystal  on  which  they  form.  Tnejr  are  very 
friable,  but  have  sufficient  stren^h  to  retain  their  form  for  some  days  if  not  dis- 
turbed; but  when  lifted  out  of  the  liquid,  they  collapse  and  fall  to  pieces.  Bolli 
silex  and  the  salt  of  iron  enter  into  their  composition,  as  is  evidenced  by  their 
colour,  which  is  various  tints  of  olive  or  bluish  g^een,  and  their  brittle  insoluble 
character.  The  weaker  the  solution  the  more  silex  and  the  less  iron  enters  into 
their  composition,  the  branches  being  of  a  paler  colour,  or  almost  white,  according 
to  the  strength  of  the  solution.  Examined  microscopically,  the  ultimate  ramifica- 
tions are  found  to  be  cylindrical,  but  gradually  tapenng  to  fine  needle-like  extre- 
mities, and  tubular  throughout ;  the  walls  being  formed  of  a  delicate  incrustation, 
have  no  appearance  of  crystallization,  but  are  finely  granular.  They  subdivide  like 
the  branches  of  a  tree ;  sometimes  they  are  irregularly  contorted  j  sometimes  two 
adjacent  parallel  branches  unite,  and  again  separate  just  as  we  see  in  the  threads 
of  microscopic  confervcB,  the  tubular  formation,  however,  being  continuous  through- 
out The  fibular  character  is  equally  apparent  in  the  roots ;  but  their  terminations 
are  more  abrupt,  sometimes  club-shaped. 

These    phenomena  preeent  strong   resemblances  to  the  modes  and  forms  of 
growth  or  bodies  belonging  to  the  vegetable  kingdom  of  organic  nature.    The 
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ascending  and  descending  growths  of  the  stem  and  root  of  a  plant  are  exactly 
imitated  by  these  formations,  influenced  by  some  force  which  is  neither  that  of 
gravitation  nor  the  molecular  attraction  of  crystallization.  The  growth  of  these 
formations  is  likewise  interstitial,  like  that  of  an  orc^anized  living  tissue ;  otherwise 
how  can  the  conical  tubular  extremities  be  carriea  forwards  as  the  branches  elon- 
gate P  or  how  can  these  tubular  branches  unite  and  again  separate,  the  continuity 
of  the  tubes  remaining  unbroken  P  These  curious  formations  present  another  ex- 
ample of  the  approximation  of  dead  matter  to  living  organizations  in  the  modes  in 
which  they  increase,  and  in  the  forms  which  they  assume ;  and  they  seem  to  increase 
the  difficulty  of  defining  even  between  the  primary  division  of  organized  living 
beings  and  morganic  substances.  If  these  forms,  or  an  exact  photographic  tran- 
script of  them,  were  offered  to  an  observer  previously  uninformed  of  their  true 
nature  and  origin,  they  would  in  all  probability  be  pronounced  to  be  vegetable.  Or 
supposing  such  purely  mineral  substances  to  have  been  formed  in  bvgone  geological 
eras,  and  to  have  been  accidentally  fossilized  in  some  primary  or  otLer  ancient  rock, 
they  would  very  probably,  when  discovered  by  recent  investigation,  be  pronounced 
to  be  an  evidence  of  organized  beings  having  existed  contemporaneously  with  the 
formation  of  such  rock. 


On  the  occurrence  of  Aster  salignus  (  WUld,)  in  Wicken  Fen,  Cmnhrid^eskire. 

By  W.  P.  HiERN,  M.A. 

The  above  plant  was  found  on  the  2oth  of  August  18G7,  ^rowing  in  company  with 
Cladium  Mariscus,  Thalictrum  Jlavum,  Peucedanitm  palustre,  Cardmis  pratetms, 
Agroatia  canina,  Laetrea  Thelypteris,  and  several  salices.  On  the  same  fen,  aoout  two 
months  previously,  the  author  also  found  the  very  rare  orchid  Sturmia  Lassdii  (R.). 

The  soil  of  Wicken  Fen  consists  of  a  thickness  of  eight  feet  or  more  of  peat  over- 
lying a  basin  of  gault.  The  peat  arises  from  the  decay  of  various  aquatic  plants, 
and  carbonate  of  lime  is  stored  in  the  ditches  by  the  Charas  that  ffrow  in  them. 
Attention  was  drawn  to  the  habit  of  the  specimens  which  accompanied  this  paper, 
for  they  have  the  appearance  of  wild  plants.  The  spot  where  the  Aster  grows  is  in 
the  midst  of  sedge,  and  no  house  is  near  it.  A  living  specimen  has  ^en  placed 
under  the  care  of  the  curator  of  the  Cambridge  Botanical  Garden.  The  following  is 
the  name,  with  references,  and  the  description  of  the  plants : — 

Aster  salignus  (Willdenow),  Species  Plantarum,  tom.  iii.  pars  iii.  p.  2040.  n.  GO ; 
Nees,  Gen.  et  Sp.  Asterearuni,  p.  90.  n.  00 ;  Gren.  and  Godr.  Fl.  de  France,  vol.  ii. 
p.  102;  DC.  Fl.  Fr.  vol.  v.  p.  470;  Rchb.  Flor.  Germ,  et  Helvet.  vol.  xvi.  p.  7 ; 
voL  xvii.  pi.  cinviii.  fi^,  1 ;  Fl.  Dan.  vol.  xiv.  pL  2475. 

Bhizome  nerennial,  creeping.  Stem  1-1 J  ft.  high,  solid,  herbaceous,  leafy, 
smooth,  neany  glabrous,  purplish  towards  the  base,  erect,  simple  below,  branched 
above,  racemoselypanicled;  branches  live-ranked,  corymbose.  Leaves  sessile,  lan- 
ceolate, half  clasping,  not  fleshy,  bright,  scabrous  on  margins,  serrate  in  the  middle, 
1- veined ;  lower  leaves  attenuate  at  base,  those  of  the  branches  linear,  entire.  Phvl- 
laries  loose,  linear,  nearly  equal,  outer  ones  not  reflexed.  Receptacle  slightly  con- 
vex, alveolate.  Florets  of  the  ray  ligulate  fertile,  pale  lilac.  Florets  of  the  disk 
yellow  tubidar.  Pappus  filiform,  dirty  white.  Fruit  compressed,  pubescent  with 
longitudinal  ribs. 

Habitat.    Wicken  Fen,  Cambridgeshire.    Flowers  in  August. 

Willilenow's  definition  of  the  species  is  as  follows:— 

'*  A.  foliis  lineari-lanceolatis  sessilibus  integerrimis  margine  scabris,  inferioribus 
lanceolatis  apice  serratis,  caule  paniculate  glabro  erecto,  calycibus  laxis  imbri- 
catis. — ^W. 

^<  Habitat  in  Germania  ad  ripas  Albis,  et  in  Hungaria.    %  (v.  s.). 

'^  CoroUa  radiis  albis,  demum  csorulescens." 

The  species  salignus  of  the  genus  Ast^  belongs  to  the  section  Qenuinxj  which  coo- 
tains,  accoiding  to  Nees  (a.d.  1833),  CO  species,  and  of  these  none  but  this  species 
and  perhaps  another  {A,  ripariuSy  N.  ab  £.)  are  natives  of  Europe ;  66  of  them  belong 
to  the  middle  regions  of  North  America,  and  2  to  tropical  America. 

The  present  species  is  a  native  of  Germany,  Denmark,  and  Hungary  (P),  where 
it  grows  in  marshy  places  by  the  banks  of  rivers.     It  may  be  considerea  either  as 
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lon^  ago  brought  from  America  to  Europe  in  order  to  furnish  a  representatiTe  of  the 
section  to  which  it  belongs,  and  as  afterwards  lost  from  its  original  habitat,  or  as  the 
last  species  of  the  section  remaining  in  Europe  after  all  its  allies  had  been  destroyed. 
But  whatever  happened  in  early  ages,  the  present  geographical  distribution  of  Aster 
saUgnus  is  not  inconsistent  with  its  extending  to  Britnm,  where  it  might  be  expected 
to  occur  in  such  a  locality  as  Wicken  Fen.  Professor  Balfour  exhibited  in  1865 
specimens  of  a  Scotch  Aster,  apparently  Aster  salignus  (saMcifolim)^  before  the  Bota- 
2ucal  Society  of  Edinburgh. 

.  Note. — ^A  specimen  of  this  plant  was  found  by  Mr.  Brown  of  Cambridge,  on 
Wicken  Fen  m  1864,  and  g^Tcn  to  the  Professor  of  Botany )  but  it  remained  un- 
named until  after  the  reading  of  this  paper. 

On  the  Boring  of  Limestones  hy  certain  Annelids.     By  E,  Bay  Lan kesteb. 

The  author  drew  attention  to  the  boring  of  Sabella  calcarea  (already  noticed  by 
Spence  Bate  and  by  De  Quatrefeiges),  and  also  to  the  more  interesting  case  of 
Jjeucodore,  which  was  new.  Leucodore  is  very  abundant  on  some  shores,  where 
boulders  and  pebbles  may  be  found  worm-eaten  and  riddled  by  these  worms.  Only 
stones  composed  of  carbonate  of  lime  are  bored  by  them.  On  coasts  where  such 
stones  are  rare  they  are  selected,  and  all  others  are  left.  The  worms  are  quite  soft, 
and  armed  only  with  homy  bristles.  How,  then,  do  they  bore  ?  The  author  main- 
tained that  it  was  by  the  carbonic  acid  and  other  acid  excretions  of  their  bodies, 
a^cd  by  the  mechanical  action  of  their  bristles.  The  selection  of  a  material  soluble 
in  these  acids  is  most  noticeable,  since  the  softest  chalk  and  the  hardest  limestone 
are  bored  with  the  same  facility.  This  can  only  be  by  chemical  action.  If,  then, 
we  have  a  case  of  chemical  boring  in  these  worms,  is'  it  not  probable  that  many 
mollusks  are  similarly  assisted  in  their  excavations  P  The  author  did  not  deny  the 
mechanical  action  in  the  Pholas  and  other  shells,  but  maintained  that  in  many  cases 
the  cooperation  of  acid  excreta  was  probable.  The  truth  was  to  be  found  in  a 
theory  which  combined  the  chemical  and  the  mechanical  view. 


On  the  Anatomy  of  the  Limpet,     By  E.  Ray  Lankestee. 

The  author  drew  attention  to  several  points  in  the  anatomy  of  this  interesting 
mollusk  which  had  escaned  previous  observers,  and  which  he  had  ascertaine£ 
Prof.  Rolleston,  of  Oxfora,  had  assisted  the  author  in  confirming  his  results  and 
offering  suggestions.  The  points  noted  were :  1st.  The  existence  of  a  large  yellow 
salivary  gland  with  four  ducts.  2nd.  The  absence  of  an  oviduct.  3rd.  The  pre- 
sence of  ^o  capito-pedal  orifices,  perhaps  the  exits  of  the  ova  and  seed.  4th.  The 
structure  of  the  large  renal  sac,  wnich  has  two  external  apertures  on  either  side  of 
the  anus,  and  a  minute  orifice  communicating  with  the  pericardium.  The  water  ex- 
uded by  the  limpet  when  surprised  on  its  rock  probably  is  squeezed  from  this  organ. 


On  the  Conservation  of  Forests  in  our  Colonies, 
By  W.  Lauder  Lindsay,  Jl/.Z).,  F.R.S.E.,  FJj,S. 

The  main  object  of  this  paper  is  to  urge  the  establishment  of  Boards  of  Commis- 
sioners or  Inspectors  of  W  oods  and  Forests  in  all  the  British  colonies  which  are, 
or  admit  of  bemg,  more  or  less  forest-clad — in  order  to  the 

(1)  Preservation  and  improvement  of  the  primitive  forests ;  and 

(2)  The  systematic  reanng  of  new  forests  by  way  of  substitution  or  replacement  as 
and  before  the  old  ones  disappear. 

The  author  enters  fully  on  the  grounds  which  lead  to  the  conclusion  that  a 
necessity  exists  for  the  establishment  of  such  Boards,  and  that  properly  cultivated 
forests  are  of  primary  importance  to  the  progress  of  all  countries,  young  or  old.  The 
author's  attention  was  strongly  drawn  to  the  subject  while  ti-avelling  in  New  Zea- 
land in  1801.  The  observations  he  records  were  principally  made  in  that  colony  j 
but  subsequent  or  prior  investigation  in  Australia  and  various  countries  or  islands 
of  Europe,  in  connexion  with  a  study  of  the  literature  of  the  subject,  lead  him  to 
believe  that  his  suggestions  will  be  found  to  applv  mutatis  mutandis  to  all  our 
forest-dad  colonies  in  at  least  the  earlier  stages  of  their  settlement. 
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The  main  propositions  of  the  author  as  regards  New-Zealand  forests  were  the 

following: —  .       .,      , 

1.  Its  present  forest  area  is  extremely  small  in  relation  to  what  it  evidently  waa 
in  times  comparatively  recent.  A  variety  of  evidence  points  to  the  conclusion  that 
nearly  the  whole  coimtry  was  at  one  period  luxuriantly  forest-clad,  the  exceptiona 
being  the  snow-oovered  barren  alps  of  the  interior. 

2.  The  remnants  of  the  primitive  forest  still  existing  are  rapidly  disappearing 
under  the  following  combinations  of  destructive  agencies ; — 

I,  Natural. 

A.  Current  ffeologieal  changes. 

1.  Alterations  m  relative  levels  of  land  and  water— especially 

a.  Local  subsidence  of  former. 

b.  Encroachment  by  sea  sand  on  the  coasts. 

c.  Erosion  of  coasts  by  the  sea,  and  of  the  margins  of  lakes  and  banks  of 

rivers  and  streams,  especially  during  the  storms  and  floods  of  winter. 

B,  Current  meteorological  or  climatological  changes — avalanches,  glaciers, 

wind-storms,  lightning,  winter  torrents  and  floods  (direct  agency). 
0.  Current  zoological  agencies — ^wild  animals  (e,  g,  birdi  and  insects)  eating 
bark,  tearing  up  saplings,  devouring  seeds  or  seedlings,  burrowing  under 
the  burk  or  witnin  the  timber. 

II.  Artificial. 

A.  Indirect  or  aoddental. 

(1)  Cattle  and  wild  pigs. 

(2)  Bush  fires. 

B.  Direct  or  deliberate. 
Bush-clearing  for  agricultural  purposes. 
Timber-cutting  for  (a)  building,  (Jt)  fencing,  (c)  fuel. 

(8)  Track-making  for  men  or  cattle. 

3.  This  destruction,  which  is  more  or  less  necessary  or  inevitable,  is  materially 
hastened  by  the  reckless  and  improvident^  or  illegal  and  culpable,  timber-felling  both 
by  colonists  and  natives, — more  especially  as  regards  the  rormer  by 

(1)  The  abuse  of  the  wood-cutting  license ;  and  as  regards  the  latter  by 
(2J  Deliberate  destruction  in  connexion  with  their  superstitions. 

4.  With  this  improvident  and  unnecessary  destruction  there  coexists  a  great 
scarcity  of  timber,  both  for  fuel  and  building,  m  many  parts  of  the  colony,  rendering 
expensive  imporU  indispensable. 

6.  No  adequate  legal  check  or  provision  exists  for  the  prevention  of  abuses  and 
the  protection  of  the  forest  interests.    On  the  other  hand, 

0.  There  exists  apparently,  on  the  part  both  of  Colonial  Governments  and  colo- 
nists, a  blind  indifference  to,  or  ignorance  of,  the  importance  of 

(1)  Preserving  to  the  utmost  in  a  healthy  state  of  growth  the  old  or  virgin 

forests. 

(2)  Forestalling  their  inevitable  disappearance,  or  replacing  them,  by  the  sys- 

tematic cultivation  of  new  forests,  whether  of 

A.  Indiprenous,  or 

B.  Exotic  (acclimatized)  trees. 

(3)  Forest  cultivation  in  relation  to  climate. 

7.  ^&°y  important  problems  await  solution,  aflecting  both 

(1)  The  economic  value  and  applications  of  the  existing  indigenous  timbers, 
and 

(2)  The  rearing  of  new  forests, 

which  scientific  experts,  or  systematic  experiment,  are  alone  probably 
capable  of  solving,  e.  g,\ — 

(1)  A.  The  best  season  for  felling  native  timbers  in  different  localitieB. 

B.  The  comparative  durability  in  salt  and  fresh  waters. 

C.  Their  power  of  resistance  to  marine  boring  animals. 

(2)  The  determination  of  the  species,  indigenous  or  exotic,  most  suitable  for  the 

various  purposes  of  building-timber,  shelter,  fuel,&c.,  as  respects 

A.  Kapidity  of  growth. 

B.  Facility  of  acclimatization. 

C.  Ultimate  or  permanent  economioal  qualitiesi 
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8.  When  the  virgin  forest  is  destroyed  by  natural  or  artificial  agencies^  the  valu- 
able timber-yielding  trees  are  not  replaced  by  a  young  and  vigorous  growth  of  the 
same  species,  but  generally  by  a  dinerent  and  inferior  growtn,  sometimes  wholly 
fruticose,  occaaionally  only  crvptogamic. 

0.  Future  and  permanent  tmiber-supplies  must  be  looked  for  from  forests  yet  to 
be  artificially  reared  and  systematically  cultivated,  consisting  in  great  measure  of  in« 
troduoed  or  acclimatized  (exotic)  trees  of  a  hardier  growth  than  those  which  are 
indigenous. 

10.  There  is  an  evident  and  pressing  want  of  a  Board  of  Forests  in  New  Zealand, 
with  a  complete  skilled  staff  suitable  to  the  requirements  of  so  large  and  so  varied 
a  colony ;  wnile  a  similar  want  exists  in  all  our  colonies  which  are  similarly  placed. 

The  author  dwelt  chiefly  on  the  abuse  of  the  bush  license,  on  sacrifices  to  a  blind 
and  ignorant  utilitarianism  that  are  only  too  common,  on  indiscriminate  and  extra- 
vagant destruction  of  valuable  timber  arising  from  a  loose  colonial  morality,  or  a 
tolerated  evasion  of  the  written  law,  and  on  those  other  errors  of  commission  or 
omission  on  the  part  of  governments  or  settlers  which  illustrate  the  necessity  for 
the  establishment  of  some  authoritative  form  of  supervision  and  protection  over 
the  forest  interests. 

He  instituted  comparisons  between  the  condition  of  New  Zealand  forests  and 
the  history  of  forest  destruction  and  cultivation  in  Scotland,  the  Hartz  Mountains, 
and  India,  pointing  out  the  fruits  of  lavish  waste  and  ignorant  indlfierence,  and 
indicating  the  present  forest  regulations  of  the  Hartz  district  in  Germany  *  as  models 
for  imitation  in  all  our  colonies.  The  paper  concludes  by  showing  the  fertile  and 
important  results  likely  to  accrue  from  acclimatization-experiments  in  relation  to 
forest-culture  in  New  Zealand,  especially  from  the  introduction  on  the  large  scale 
of  certain  of  the  hardier,  rapidly  growing  trees  of  Tasmania  and  Australia. 

la  Lichen-growth  detHmental  to  Forest  and  Fruit  Trees  f^ 
By  W.  Laudee  LnfDSAY,  M.D„  FM.S.K,  FL.8. 

The  author's  object  was  on  the  one  hand  to  direct  attention  to  the  radical  differ- 
ences of  opinion  that  exist  regarding  the  effect  of  Lichen-growth  on  trees,  and  on 
the  other  to  endeavour  to  reconcile  those  differences,  and  to  indicate  the  inferences 
that  are  legitimately  deducible  from  existing  data.  The  paper,  however,  was  in- 
tended to  be  suggestive  rather  than  descriptive ;  its  aim  was  rather  to  call  attention 
to  the  misatisfactory  paucity  and  character  of  the  facts  on  record,  and  to  invite  the 
record  of  facts  as  conti^istinguished  from  mere  opiniom^  than  to  elaborate  his  own 
views  or  results. 

One  group  of  scientific  authorities  regards  Lichens  as  trtw  parasUee,  and  as  such 
detrimental  to  the  health v  growth  of  trees,  and  depreciative  of  their  value ;  while 
another  group  describes  them  as  non-parasitic,  as  making  use  of  trees  simply  as  bates 
of  support — as  innocuous,  or  even  as  beneficial,  to  their  hosts.  The  former  opinion  is 
tnat  unanimously  held  by  arboriculturists  and  nurserymen — ^by  all  who  are  concerned 
with  the  cultivation  of  timber,  bark,  or  frtdt-trees ;  while  the  latter  is  that  usually 
entertained  by  lichenologists. 

The  principal  propositions  of  the  author  were  the  following : — 

1.  That  Lichens  must  be  regarded  as  true  parasiteSf  drawing  certain  at  least  of 

the  constituents  of  their  thallus  from  the  objects  on  whicli  they  grow. 
In  his  work  on  'British  Lichens/  published  in  1856  (p.  50),  the ' author  had 
shown  that  the  Lichen-thallus  contains  such  bases  as  silica  and  alumina,  iron  and 
manganese,  lime,  potash,  soda,  and  magnesia,  which  could  not  have  been  derived 
from  the  atmoqjhercf  from  which  lichenologists  assert  Lichens  derive  their  whole 
nourishment, 
n.  That  nurserymen  discard  as  unsaleabie  trees  or  shrubs  that  are  Lichen- 
covered. 

*  The  author  gave  some  detoription  of  these  regulations  aftier  a  tour  through  the  Hartz 
Foz«0t  in  1850:  vide  Proceedings  of  Botanical  Society  of  Edinburgh  for  1853,  and  Fhyto- 
logiflt,  vol.  iv.  p.  888  (1853). 

t  The  subject  may  be  found  treated  at  greater  length  in  *  Hardwioke's  Science  Gossip/ 
1867,  p.  241 ;  or  the  *  Farmer,'  Oct.  9,  1867,  p.  403. 
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III.  That  foresters  and  tanners  regard  Lichen-coated  oak-bexk  as  of  diminished 
value  by  virtue  of  such  coating. 

IV.  That  arboriculturists  consider  Lichen-growth  a  disease,  or  as  a  cause  or  result 
of  disease. 

Evidence  is  unanimous  that  Lichen-growth  should  never  occur  in  forests  or  nur- 
series which  are  the  subject  of  proper  care ;  where  the  conditions  of  healthy  growth 
are  sedulously  provided ;  where  the  trees  or  shrubs  are  properly  thinned;  where  the 
soil  and  manure  are  suitable.  Further,  the  disease  of  lichen-growth,  when  it  ap- 
pears, can  be  remoyed  or  dissipated  at  will  by  placing  the  tree  which  it  affects  in 
more  favourable  conditions  of  development,  such  as  transfer  to  a  richer  soil  or  the 
supply  of  proper  manure*  .^__^ 

On  PlanU Acclimatization  in  Scotland,  with  special  reference  to  Tussac  Grass  *• 
By  W.  Lauder  Lindsay,  M.D,,  F,E.S,E,,  F.L.S, 

In  May  1806  the  author  inspected  the  condition  of  the  Tussac-OTOss  plantations 
that  had'  been  established  in  1846  by  James  Ritchie,  C.E.,  of  Perth,  on  the  estates 
of  Sir  James  Matheson  in  the  Lews  (Outer  Hebrides),  The  main  objects  of  his 
communication  were  on  the  one  hand  to  describe  the  condition  of  limited  planta- 
tions of  a  most  nutritious  and  valuable  exotic  gniss,  which  is  capable  of  luxuriant 
growth  on  otherwise  sterile  shores  in  Scotland,  and  on  the  other  to  illustrate 
certain  points  in  connexion  with  plant-acclimatization  in  Scotland  that  have  not 
attracted  that  degree  of  attention  which  they  deserve,  viz. : — 

I.  The  necessity,  as  regards  success,  in  acclimatization-experiments  for  imitating 

the  natural  conditions  offfrowth ;  and 

II.  The  inevitable  failure  t&at  must  result  from  ignorance  of  or  inattention  to  these 

conditions. 

From  all  the  evidence  ho  had  collected,  the  author's  conclusion  was  that  the 
Tussac  experiment  in  the  Lews  was  on  the  whole  a  failure,  but  one  due  solely  to 
inattention  to  the  proper  care  and  cultivation  of  the  prass.  Tussac  requires  protec- 
tion and  care  like  other  crops,  and  not  more  so.  Suitable  regulations  for  both  pro- 
tection and  care  were  laid  down  by  Mr.  Ritchie ;  and  so  long  as  these  were  carried 
out  or  attended  to,  the  plantations  thrived,  and  they  only  failed  after  he  left  the 
island,  and  the  conduct  of  the  experiment  was  consigned*  to  those  who  had  a  less 
intelligent  conception  of  its  importance,  and  an  inferior  interest  in  its  success.  The 
immediate  causes  of  the  destruction  of  the  crops  of  Tussac,  which  were  flourishing 
in  1862,  appear  to  have  been  (1 )  non-protection  bv  fences,  and  (2)  the  want  of  weed- 
ing. Cattle  were  allowed  unlimited  access,  with  the  result  that  the  plant  was  de- 
stroyed, partly  by  being  trampled  down,  partly  by  the  roots  being  grubbed  up  and 
eaten.  Weeding  was  not  attended  to,  and  in  general  terms  no  care  was  bestowed 
on  its  cultivation. 

The  author  believes  there  is  no  ground  for  doubting  that  unth  the  same  amotmt  of 
care  as  is  bestowed  on  otiter  crops,  such  as  turnips,  Tussac  grass  may  be  successfully 
cultivated  on  many  of  the  bleak  and  sterile  islands  and  coasts  of  Scotland,  to  which 
it  could  not  fail  to  become  a  boon  of  no  insignificant  kind. 


To  what  extent  is  Lichen-growth  a  test  of  Age  ? 
By  W.  Laudee  Lindsay,  M.D.,  RKS.K,  F.L.S, 

The  opinion  is,  and  has  been  long  prevalent  among  poets,  historians,  and  archseo- 
lo^sts,  that  trees  and  buildings  are  aged  in  proportion  to  the  copiousness  of  their 
Lichen-covering ;  that  Lichen-growth  may  be  ivgarded  as  a  test  of  the  antiquity  of 
the  natural  objects  or  artificial  structures  on  which  it  occurs.  Poets  constantlv 
speak  of  trees,  rocks,  or  towers  as  being  *'  mossed  with  age ;"  while  archteologistis 
have  gone  so  far  as  to  consider  Lichen-growth  diagnostic  of  antiquity.  The  popular 
name  of  Lichens,  "  Time-stains,"  shows  that  such  a  belief  is,  however,  by  no  means 
confined  to  the  classes  of  writers  referred  to.  Botanical  writers  have  fostered  this 
belief  by  almost  uniformly  describing  Lichens  as  of  very  slow  growth,  attaining  to 

•  The  subject  may  be  found  treated  at  greater  length  in  the  '  Journal  of  Agriculture/ 
Kovember  1867 ;  or  the  *  Farmer,'  Oct.  SO,  1807,  p.  663. 
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great  age.  The  object  of  the  author's  paper  was  to  exhibit  the  result  of  certain 
researches  on  the  subject  of  Lichen-growth  in  relation  to  the  age  of  the  structures 
on  which  it  occurs,  in  order  to  determine  how  far  the  current  opinions  in  question 
are  founded  on  fact  His  immediate  object  was  to  determine  the  rapidity  of  Lichen'- 
deveUjpmefU  under  favourable  conditions,  or,  in  other  words,  IIow  soon  might  a 
fresh  surface  of  wood  or  stone  become  so  lichen-clad  as  to  assume  the  *^  hoary  "  or 
<<  time-stained  "  appearance  that  is  popularly  associated  with  the  idea  of  great  age? 
In  endeavouring  to  solve  this  question  he  assumed,  as  standards  of  comparison,  the 
me&aliths  of  Stcnnis  in  Orkney  and  Callemish  in  Lewis,  both  of  which  groups  of 
prenistoric  remains,  undoubtedly  of  great  though  undetermined  age,  he  had  visited 
m  May  1866,  and  of  whose  Lichen-Flora  he  had  published  an  account  in  the 
Transactions  of  the  Botanical  SocieU*  of  Edinburgh  (vol.  iz.  p.  154).  On  the  other 
hand,  he  noted  the  development  of  Lichen-growtn  on  a  variety  of  recent  structures 
of  known  age,  including 
L  Walls  of  buildings,  gardens,  and  roads :  bridges  and  other  edifices  of  stone :  as 

well  as  the  mortar  or  cement  used  in  their  construction  and  in  their  repair 

from  time  to  time. 

II.  Fences  of  sawn  timber  around  fields  and  gardens :  posts,  gates,  and  other  struc- 

tures of  fabricated  wood. 

UL  Young  trees  and  shrubs  in  nurseries,  plantations,  forests,  gardens,  shrubberies, 
and  cemeteries. 

The  conclusion  at  which  he  arrives  is  that  within  a<juarterof  acentury,  in  periods 
ranging  from  two  to  five  years  and  upwards,  as  copious  a  clothing  of  Lichens  as 
that  which  covers  the  monoliths  of  Stennis  or  Callemish  may  be  produced  in  favour-f 
able  conditions  of  growth,  and  hence  that  Lichen-growth  furnishes  no  criterion  of 
the  antiquiti/  of  prehistoric  or  other  structures. 

Additional  corroborative  evidence  was  adduced  from  the  history  of  those  Lichens 
which  were  or  are  still  collected  in  Northern  Europe,  on  account  of  their  economi- 
cal applications,  as  food,  fodder,  or  dye-8tuf&,  e.  g.  Lecanora  tartarea,  Cetraria  Islaw 
dica,  and  Cladonia  rangiferina.  Their  collectors  were  familiar  with  the  fact  that 
they  may  look  for  replacement  of  the  species  they  remove  in  a  limited  number  of 
years,  varying  generally  within  a  period  of  from  tliree  to  five. 

The  author  draws  a  distinction  between  rapidity  of  primary  development  and 
slowness  of  subsequent  growth,  showing  that  the  two  phenomena  may  occur  conse- 
cutively in  the  same  individual — a  circumstance  which  serves  to  reconcile  on  the 
one  hand  the  facts  obsers'ed  as  to  the  rapidity  with  which  a  fresh  surface,  whether 
of  earth,  stone,  or  wood,  may  become  Lichen-coated ;  and  on  the  other  the  current 
opinion  among  botanists  that  Lichen-growth  is  essentially  slow,  and  its  diu'ation 
practically  uidimited.  

On  Polymorphism  in  the  Fructification  of  Lichens^. 
By  W.  Laudeb  Lindsay,  M.D,,  F.R.S.K,  F.L,S. 

Ten  years  ago,  while  engaged  in  researches  on  the  secondary  or  complementary 
reproductive  organs  of  Lichens,  the  author  met  with  a  ntimber  of  instances  of 
polymorphism  or  plurality  thereof — especially  of  the  occiurence  in  the  same  species 
of  more  than  one  form  of  spermogoniuni  or  pycnidium  j  and  since  that  date  further 
instances  have  frequently  occuiTed  to  him.  ^The  forms  of  pol^Tnorphism  specially 
described  or  referred  to  in  the  present  communication  are  the  occurrence  in  the 
same  species  of — 

I.  More  than  one  form  of  spermo^nium. 

n.  More  than  one  form  of  pycnidium. 

III.  Pycnidia  in  addition  to  spermoponia,  or  spermogonia  in  addition  to  pycnidia. 
rV,  Pycnidia  instead  of  spermogonia. 

V.  Spermatia  and  sporidia  in  the  same  conceptacle. 

VI.  Different  sizes  and  forms  of  spermatia  and  sterigmata,  or  of  stylospores  and 
basidia. 

These  multiple  foims  of  reproductive  organs  or  bodies  were  met  with  chiefly  in 

*  The  subject  may  be  found  treated  more  fully  in  the  '  Quarterly  Journal  of  Microsco- 
pical Soienoe/  January  1808. 
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the  lower  LiolienSy  in  species,  0.  g,j  of  the  genera  VerruoariOf  StignuUidium,  8kigula, 
CaUctum,  Lecidea,  Abrothallw^  Opegrapha,  Oraphis,  Arthoma,  TrachyUa,  Lecanora, 
though  they  were  also  found  in  a  few  of  the  higher  Lichens,  e.  g,  in  species  of 
Parmdia^  MoeceUa,  and  Alectoria, 

The  foUowin^  short  catalogue  of  species,  in  which  the  author  met  with  deTia- 
tions  from,  momfications  of,  or  additions  to,  the  ordinary  reproductive  organs  or 
corpuscles,  illustrates  the  general  subject  of  his  paper,  and  may  indicate  the  direc- 
tion in  which  future  observation  is  likely  to  prove  useful,  either  by  correcting  the 
errors  of  previous  authors,  or  by  confirming  and  extending  their  results : — 
I,  Genus  VeiTUcaria, 

F.  Taylorif  V.  cfdorotica^   V,  nitida,  V.  epidertnidis,   V,  hiformU :  two  or 
more  forms  of  spermogonium  or  p^cnidium. 

F.  gemmata :  spermogonia  and  pycniaia. 

V.  glahrata :  two  forms  of  spermatia  and  sterigmata. 

V.  atomaria :  spermatia  and  sporidia  in  same  perithecium. 
n.  Genus  Arthonia. 

A,  cinereo-pruinoaa :  two  or  more  forms  of  spermogonium. 

A,  prmnosai  pycnidia. 

A.  pruinosaj  var.  spihmatia :  two  forms  of  stylospores  and  basidia. 

A,  Mtroidea :  spermogonia  and  pycnidia. 

A,  adroidea,  var.  Swartziana :  two  forius  of  stylospores  and  basidia. 

III.  Genus  Opegrapha, 

O.  herpeticaj  O.  vtilgata :  two  or  more  forms  of  spermogonia. 
O.  aira,  O.  varia :  pycnidia. 

IV.  Genus  Lecidea, 

L,  parasemOy  L,  dryina :  two  forms  of  8permop)nia. 

Z.  luteola,  L.  petrteaj  L.  anomala,  X.  disciformvsj  Z.  aUio^atra,  Z.  Cladoniaria  : 

spermogonia  and  pycnidia. 
Z.  enteroleuca :  pycnidia  in  liou  of  spermogonia. 
Z.  abietina :  pycnidia,  and  two  forms  of  spermogonia. 
L.Jlexi^osa :  pycnidia. 

V.  Genus  Lecanora, 

Z.  subfuscaj  L.  atra^  Z.  Ehrhartianaj  L.  varia,  especially  var.  aitetna :  pycni- 
dia, and  two  or  more  forms  of  spermogonia. 
Z.  umbrina :  pycnidia. 

Z.  cerina :  two  or  more  forms  of  speimogonia. 
Similar  reproductive  irregularities  occur  inter  alia  in  the  genera  StrigtUn  and 
AhrothaUusi   Graphis  acripta,  Stigmatidium  crasstim,  Trachglia  tigillaris,  Hocceiia 
Montagnei,  Pannelia  ainuosay  P.  saxatilis  var.  sidcata,  Aledoriajubata,  A,  ktiOf  8cu~ 
tida  WaUrothiij  Neuropogon  melaxanthus  var.  ciliatus. 

The  pseudo-genus  Pyre9%oihea  may  be  regarded  as  an  excellent  illustrative  group 
of  the  organs  in  question,  especially  those  sections  of  the  genus  represented  by  the 
old  species : — 

J     I  Pyrenoihea  vermiceUifera,  j  P.  aphanes. 

'    I  P.  leucocephala.  III.  <  P.  nidis. 

n.  p.  corrugata,  [  P.  byssacea. 

The  paper  also  notices  certain  resemblances  in  form  between  stylospores  and 
,  sporidia,  and  points  out  that  pycnidia  are  much  more  prevalent  among  Lichens  than 
is  at  present  supposed.  The  author  describes  at  length  the  anatomical  or  structural 
distinctions  between  spermogonia  and  pycnidia :  and  makes  certain  observations  on 
their  presumed  respective  functions,  and  in  general  on  the  physiology  of  the  secon- 
dary reproductive  orsrans  and  corpuscles  of  Lichens.  It  would  appear,  from  the 
author's  researches,  that  links  connecting  the  Lichens  with  the  Fungi  more  and 
more  closely  are  constantly  being  discovered;  and  that  in  particular  the  same 
plurality  01  reproductive  organs  which  characterizes  the  latter  will  be  found 
probably  to  a  less  extent  to  characterize  the  former*. 

*   nV;?«also  the  following  papers  by  the  author: — 

I.  In  TranBactions  of  Boval  Society  of  Edinburgh,  vol.  oxii.  p.  101,  "  Spermoffonia  and 
Pycnidia  of  the  Higher  Lichens ;"  vol.  xxi?.  p.  407,  *'  New  Ze^and  Lioheos  and  Fungi." 
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17i4  Jlmormal  forms  of  Ferns.    By  E.  J.  Lows,  F.KS.i  F.L.S,,  FO.S. 

The  following  facts  have  come  under  the  author's  notice  during  the  series  of  inyes- 
tigations  on  this  interesting  suhject. 

1st.  As  regards  the  various  aDnormal  forms  that  species  will  assume.  It  is  a 
singular  fact  that  most  of  our  British  ferns  put  on  appearances  closely  in  imitation 
of  each  other^  that  the  varieties  of  each  species  have  many  characters  in  common, 
and  that  a  certain  law  of  form  of  variety  seems  to  extend  more  or  less  through 
both  British  and  exotic  species.  The  more  usual  forms  running  through  peariy 
all  our  British  ferns  are  those  having  the  fronds  crededj  criapy  imhricatedy  conjluentf 
corynibiferoMy  muUifid,  acuminate y  narrow j  plumose j  interrtipted,  depauperate,  ramose, 
tLJiadu?arf',  and  not  only  this,  but  we  have  the  multiple  of  these,  or  the  combining 
together  of  two  or  three  characters  in  one  frond,  such  as  the  narrouM:rispcd,  the 
frnmifid'Crimed,  or  the  narrow-multt/ki,  as  examples. 

Most  of  these  abnormal  varieties  nave  been  been  found  wild^  and  a  large  propor- 
tion in  localities  where  the  species  is  neither  abundant  nor  luxuriant  in  growth. 
Of  course;  springing  from  an  individual  plant,  it  occupies  time  and  care  in  raising 
duplicates  from  spores  -,  and  in  doing  this,  singular  accidental  sports  have  been 
raised  and  a  new  method  of  obtaining  varieties  detected. 

2nd.  As  regards  the  gathering  and  sowing  the  spores  of  these  snorts.  It  seems 
from  these  experiments  almost  an  established  fact  that  spores  gatnered  from  one 
portion  of  an  abnormal  frond  will  produce  di6ferent  varieties  from  those  of  spores 
gathered  from  another  portion  of  the  same  frond ;  that  if  an  accidental  abnormal 
trend;  or  portion  of  a  irond  be  fertile,  it  is  not  impossible  to  reproduce  from  its 
spores  plants  having  fronds  in  imitation  of  the  accidental  abnoiinal  form. 

If  by  cultural  means  we  can  induce  the  growth  of  singular  fronds,  we  are  very 
likely  to  perpetuate  the  variation  of  form  from  the  spores.  By  removing  the 
drainage  nom  the  roots  of  plants  that  had  completed  their  autumnal  growth  and 
inducing  an  unnatural  and  sickly  condition  for  several  months,  and  only  repotting 
and  giving  a  generous  treatment  when  the  fronds  were  almost  ready  to  unfold,  this 
caused  them  to  produce  abnormal  fronds  in  both  the  British  and  exotic  species. 

3rd.  Our  knowledge  of  the  repi'oductive  organs  of  ferns  is  obscure,  and  it  has 
been  said  that  the  fern  Asplenium  microdon  is  a  hybrid  between  Asplenium  marmum 
and  Asplenium  kmceolatum,  that  Lastrea  retnota  is  a  hybrid  between  Lastrea  spinu* 
losa  and  Lastrea  fiUx-mas,  and  perhaps  that  Asplemum  gsrnumicum  is  a  hybrid 
between  Asplenium  septentrionale  and  Asplenium  ruta-muraria.  Now  it  does  not 
appear  that  these  ferns  have  ever  been  reproduced  from  their  spores ;  and  therefore 
(ii  we  may  accept  these  as  hybrids)  that  hy  Drids  of  species  are  unproductive,  whereas 
the  varieties  raised  from  a  species  can  readily  be  reproduced  by  spores. 

On  some  Points  in  the  Anatomy  of  the  Thysanura, 
By  Sir  J.  Lubbock,  BarL,  FJl,S.,  Pres,  Ent,  Soc,  ^c. 

The  author  remarked  that  the  Thysanura,  though  extremely  numerous,  and  in 
many  cases  very  pretty  little  creatures,  had  attracted  but  little  attention,  owing, 
perhaps,  to  their  e^^at  delicacy  and  the  consequent  difficulty  of  preservinflr  them  in 
a  satisfactory  condition.  Under  any  decaying[  log  of  wood,  under  damp  leaves,  in 
long  grass,  in  short,  in  almost  any  damp  situation,  the  Thysanura  form  no  small  pro- 
portion of  the  population.  Like  other  insects,  they  have  six  legs,  but  they  never 
acquire  wings.  The  tail  is  generally  provided  with  two  long  appendages,  which 
are  bent  forward  under  the  body,  and  thus  form  a  spring,  by  means  of  which  the 
animal  is  enabled  to  jump  with  ^reat  activity.  A  Smynthunis,  for  instance,  mea- 
suring^ one-tenth  of  an  inch  in  diameter,  will  easily  jump  up  twelve  inches  in  the 
air.    This,  however,  is  due  mainly,  not  to  muscular  power,  out  to  the  elasticity  of 

II.  In  Frooeedings  of  Royal  Society  of  Edinburgh,  vol  ir.  p.  174,  **  Spermogonia  and 
Fyonidia  of  the  Higher  Lichens.^ 

III.  In  Transactions  of  Linnean  Society  of  London,  vol.  xxv.  p.  403,  "  New  Zealand 
Lichens." 

ly.  In  Journal  of  linnean  Society  of  London,  vol.  ix.  p.  268,  Arthonia  melaspertnella, 
v.  In  Quarterly  Journal  of  Miorosoopical  Science,  January  1857|  Abrptkallus, 
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the  spring.  The  muscles  draw  the  spring  forward  and  bring  it  under  a  small  latcli 
or  catch ;  directly  this  is  relaxed,  the  elasticity  of  the  organ  jerks  the  spring  back, 
and  throws  the  creature  upwards  and  forwards.  The  author  described  in  detail 
the  muscles  by  which  the  spring  is  moyed.  Another  remarkable  peculiarity,  and 
in  the  author*s  opinion  the  special  characteristic  of  the  Thysanura,  is  the  presence, 
on  the  first  abdominal  ring,  of  a  process  which  acts  as  a  sucker  in  the  Poduridae, 
and  in  Smynthurus  gives  rise  to  two  long  filaments  which  serve  the  same  purpose. 
The  author  described  the  arrai^ements  of  the  muscles  by  which  this  curious  appa- 
ratus is  moved.  He  then  described  the  di^stive  and  respiratory  organs :  and  aner 
pointing  out  that  SmytUhurus  and  Papirxus,  though  very  nearly  alued  in  external 
character,  differ  entirely  in  their  method  of  respiration,  the  latter  genus  being  almost 
or  entirely  deficient  in  tracheae,  he  proposed,  therefore;  to  form  for  it  a  new  familvj 
which  he  proposed  to  call  Papiriidso. 

S^einarks  on  Mr,  J*.  0,  Jeffrey f^ 8  Collection  of  Hthridean  Annelids, 

By  Dr.  M'Ikiosh. 

The  total  number  of  species  amounts  to  fifty ',  though  this  is  not  a  large  collec- 
tion, many  of  the  species  are  very  rare.  Of  the  forms  for  the  firsit  time  noted  in 
Britain  are  Ltetmatanice  JilicamiSf  Kinberg  (and  this  he  believed  to  be  the  same  as 
Dr.  Baird's  X.  Kinbergi),  IVcuciUa  prtetermissa,  Malmgren,  Bhodine  Lov^m,  Mgm., 
Amphicteis  Gtmnen,  Sars^  and  Heteronereia  fucicola,  CErsted. 

Those  at  preseiit  considered  new  are  a  second  species  of  Amphicteis,  a  pecu- 
liar Lumbrinereia  with  eves,  a  form  allied  to  Traviaia,  but  furnished  with  forked 
bristles,  a  Trophonia,  and  an  Idalia, 

R^ort  on  the  Invertebrate  Marine  Fauna  and  Fishes  of  St.  Andrews, 

By  Dr.  M'Iniosh. 

The  richness  of  the  coast-line  at  St.  Andrews  in  marine  animals  was  pointed  out — 
a  state  in  some  measure  due  to  the  varied  habitat  afforded  by  a  smooth  sandy  beach 
and  a  rocky  border,  with  a  large  surface  of  tidal  rocks.  Its  proximity  to  fertile  co- 
ralline ground  and  the  haunt  of  many  deep-sea  rarities,  which  are  tossed  on  shore 
by  storms  or  procured  from  the  stomachs  of  fishes,  all  combine  to  render  it  a  most 
interesting  field  for  the  zoologist.  Lists  of  species  in  the  various  departments  were 
given,  and  the  most  remarkable  forms  alluded  to,  such  as  Sayitta  bipunctatOf  Mol- 
yula  arenoeOf  and  Pehnaia  corrugata.    The  Mollusca  number  170  species. 


On  the  Annelids  of  St,  Andrews,     By  Dr.  M*IirxosH. 

The  list  of  Turbellaria,  Teretularia,  and  Annelida  consists  of  104  species,  and 
besides  there  are  6  Gephyrea. 

One  of  the  Turbellaria  is  new  to  Britain,  viz.  Vortex  capitata,  CErsted :  one  of 
the  Teretularia  is  also  new,  viz.  a  Borlasia,  from  deep  water.  He  mentioned  that  he 
had  observed  no  structural  difference  between  Cephawthrix  rujifrona  and  C.filiformis, 
and  none  between  OmmatopUa  alba  and  0.  rosea.  The  only  *'  Borlasia"  purpurea^ 
Johnst,  met  with  in  Britain  is  an  Ommatoplean  worm,  which  differs  totally  in 
structure  from  a  true  Borlasian. 

Amongst  the  Annelids  new  to  Britain  are  Haloaydna  gelatincaa,  Sars  (Alentia 
gdoHnoaa,  Malmgren),  and  Nereia  virena,  Sars  (Alitta  virensj  Malmgren),  by  &r  the 
largest  British  marine  worm  yet  encountered.  Nereia  Sarsii,  Hathke,  a  distinct 
species,  has  been  confounded  with  iV.  brevimana,  Johnst.,  and  consequently  has  not 
b^en  previously  mentioned  as  British.  The  £h/Uia  armiUaria  of  Dr.  Johnston  in- 
fludes  two  species,  one  of  which  abounds  under  stones  between  tide-marks,  whereas 
the  second  comes  only  from  deep  water.  Other  additions  to  the  British  fauna 
are  Caataiia  punctata,  CErsted,  NotophyUum  polynoidea,  CErsted,  Fhyllodoce  gram- 
landica,  CErsted,  Bumida  sanguinea,  (Erstcd,  Eteone  puaiUa,  CErsted,  Ammochares 
Ottonia,  Grube  (probably  the  Opa  digitaia  of  Dr.  Carrington),  and  a  Leiocephalvs. 
The  TerebeUa  Jigulua  of  Daly  ell  is  not  T,  constrictor ,  Montagu,  but  a  distinct  species 
with  24  pairs  of  bristle  bundles,  whereas  T,  constrictor  has  only  17  pairs.  PhyseUa 
tostericola,  CErsted  (Nicoka  zostericolaf  Malmgren),  is  common^ 
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The  new  species  comprise  a  Lumbrinereis  and  a  boldy  marked  brown  Autdytus, 
Other  interesting  though  not  new  species  are  Harmothoe  MtUmgrem,  E.  R. 

Lankester,  Nychia  cirrosa^  Pallas,  SigaUon  boa  and  Mathilda^  Dodecaceria  concha- 

rum,  SabeUa  viridis,  Scaiibregma  iivflatum,  and  Mom  mirabUis, 

Br.  M^NTOSH  exhibited  some  yery  beautiful  drawings  of  Worms  to  be  published 
bj  the  Ray  Society.  

Sur  les  Baeines  ASriferea  ou  Vessies  Natatoirett,  la  synonymie  U  la  dtstrtbtUion 
giographique  de  quelques  especes  aquatiques  du  genre  Juesiasa,  Par  Chables 
MABxnrSy  Frofesseur  et  Directeur  du  Jardin  dee  Plantes  de  Montpdlier** 

On  PoUiniferous  Ovules  in  a  Eose,  By  Dr.  M.  T.  Masters. 
In  tills  paper  a  general  review  of  the  principal  malformations  to  which  the 
OTule  is  subject  was  given,  together  with  the  details  of  a  case  wherein  the  ovules 
in  a  rose  {Mosa  arvensis)  presented  in  some  degree  the  structure  and  functions  of 
the  anther,  there  being  present  not  only  perfect  pollen-grains,  but  fibrous  cells 
such  as  are  usually  met  with  in  the  anther.  A  somewhat  similar  case  has  been 
recorded  in  a  passion-flower  by  Mr.  James  Salter  in  the  '  linneaii  Transactions.' 

Notice  of  Dredging  by  the  late  H.  P.  C,  MoUevy  off  Fair  Isle,  between  Orkney 
and  Shetland,  By  0.  A.  L.  Morch,  of  Copenhagen,  (Communicated  by 
J.  Gwnr  Jeffreys,  F,M,S,) 

Hans  Peter  Christian  MoUer.  the  author  of  '  Index  Molluscorum  Graenlandiie.' 
was  bom  at  Elsinore  on  the  2nd  of  November  1810.  When  he  had  finished  his 
academical  studies  his  love  for  conchology  took  him  to  South  Greenland,  the  mol- 
lusca  of  which  he  investi^ted  in  company  with  Captain  Holboll  from  May  1838 
to  August  1840.  After  his  return  to  Denmark,  he  spent  several  years  there  m  con- 
chologizlng  and  dredging.  In  April  1843  he  made  a  second  voyage  to  the  arctic 
seas  as  inspector  for  tne  Danish  colonies  in  North  Greenland.  On  his  return  home 
in  1844  he  went  to  Italy  for  his  health ;  but,  being  seized  with  a  fever  at  Rome, 
he  died  on  the  11th  of  October  1845,  at  the  early  age  of  thir^-five.  All  his  col- 
lections were  presented  by  his  father.  Dr.  T.  Moller,  to  the  University  Museum  at 
Copenhagen. 

During  his  voyage  to  Greenland  in  1843  he  made  some  hauls  with  the  dredge  at 
Fair  Isle  (which  he  called  Fairhill,  in  accordance  with  an  old  Danish  chart) ;  and 
the  result  may  be  of  some  interest  to  British  conchologists. 

The  following  is  a  translation  of  an  extract  from  a  letter  of  his,  dated  Egedes- 
minde,  6th  September  1843 : — '^  I  had  several  times  during  the  voyage  opportunities 
of  using  my  aredge,  first  in  the  Cattegat,  then  between  Lindesnes  ana  the  Skag, 
and  close  to  the  coast  of  Norway.  On  tne  19th  of  May  we  sighted  Fairhill,  and 
the  same  day  Sumburgh  Head,  where  we  lay  nearly  two  days  dredging,  with  a  calm 
sea  and  a  beautiful  sky.  Although  the  bottom  here  is  exceedingly  uneven,  and  I 
was  in  continual  fear  of  losing  my  dredge,  I  used  my  time  well,  and  was  fortunate 
enough  not  to  have  any  such  loss.  About  two  milcsf  due  east  of  Fairhill,  in  sixty 
fSathoms,  a  haul  yielded  clear  shell-sand,  with  Cardium  echinatum,  Cmrina 
Idandica,  and  numerous  small  dead  shells.  About  half  a  mile  nearer  I^airhill 
another  haul  at  about  the  same  depth  yielded  fine  shell-sand,  with  single  valves  of 
Mactra,  VenuSj  &c.  I  got  four  large  vessels  full  of  dav  and  gravel,  which  gave  me 
constant  work  until  I  arrived  at  Cape  Farewell,  lliere  were  many  interesting 
species;  but  most  of  the  specimens  were  injured,  I  suppose  in  consequence  of  the 
stormv  seas  which  are  prevalent  in  that  part." 

Moller  had  himself  labelled  most  of  the  specimens  *'  Fairhill ;''  so  that  there  can- 
not be  anv  doubt  in  respect  of  the  locality  where  he  procured  the  species  enume* 
rated  in  the  following  list.  Those  species  to  which  an  asterisk  is  prefixed  were  in 
a  box  of  shell-sand  marked  *'  Fairhill"  Some  of  the  species  have  been  determined 
and  named  by  Mr.  JefiQreys,  and  have  the  letter  (J.)  affixed  to  them. 

*  See  Appendix,      t  The  Danish  mile  is  equal  to  nearly  4|  English  miles. — J.  0.  J« 
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ANDROGYNA. 

1.  Ofiichna  cplifidracea,   2.  C,  (Tomattna)  matnfmlkUa,    3.  Atus  Cranckii,   4. 

Actaon  tomatibs.    *5.  Ododomia  turrita  (J.).   *6.  O.  act/to  (J.)*     7.  O.  du^hana 

(J..).    8.  O.  spiralis,    9.  O.  adculaj  var.  vetdtkosa  (J.).    10.  Eulima  hUineata  (J.). 

11.  &7ato  Trevdyofia,     12.  iS.  dathratula,     *13.  Heterojvsus  FleminffiL     14.  If. 

DIOIOA,  Latr. 

T^NIOOLOSSATA. 

15.  i^iMoa  pafra.  16.  12.  Mno&o)  «^rtiito.  17. 12.  xoftito  (J.).  18. 12.  {Ahmnd) 
punciura.  19.  12.  re<i4?tf2tifa  (J.).  20.  12.  (Alvania)  ZeUaiwka,  21.  R,  tifnicoides 
(J.).  22.  Cydottrema  serpUhides  (J.).  23.  Turtitdla  unguUna  and  yar*  o^.  24. 
Cerithium  niettda.  2o.  C,  adversum,  2Q.  Apofrhais pes  pelecani,  27.  Trichoinmis 
acuminatus.  28.  TWrta  eurcpaa*  29.  Cia^pii^  ungaricus,  30.  iVMiba  Alderi  (J.). 
31.  VehUina  heliotoides, 

KHACHiaLOSSATA. 

32.  jF\«w«  {Nepimtea)  anii^uSf  var.  sulcata,  33. 1*!  (S^iho)  gracilis*  34.  7V«fa- 
nttim  ufidatunij  and  var.  /3  ciltatiitn,  Sow.  HI.  Ind.  35.  Nassa  incrassata,  36.  ^ur- 
citwpsis  ovttm,  37.  ColumheUa  nana  (J.).  38.  IHeurotoma  oostata  (J.).  30.  P.  /urn- 
cu/a.    40.  Defrancia  linearis  (J.).    41.  D.  ^e«  (J.).   42.  Trophon  truneatus  (J.). 

EXOCEPHALA,  Latr. 

•43.  Cydostrema  nitetts(3.).  •44.  Trochus  occidentdlis,  45.  T.  ztzyphimts.  46. 
r.  mUlegranus  (J.).  47.  T.  iumidus,  48.  ScissureUa  crispata,  49.  Emargimda  re^ 
ticulata,    60.  Chiton  cinereus.    *51.  Dentalium  entalisj  young. 

AGEPHALA. 

b^,  (Soltn  peUuddus.  6S.  P^ammobia  ferroensis,  Si,  TdUna  pusiUa,  ^,  Maeonui 
calcarea.  An  exceedingly  fine  specimen,  nearly  38  in.  long,  29  in.  lat.  The  epider- 
mis, ligament,  and  hinge-teeth  are  quite  perfect.  The  inside  shows  traces  of  soft 
mud ;  so  that  the  specimen  was  probahly  not  taken  alive,  although  it  could  not  have 
been  long  deadf.  The  description  given  by  Chemnitz  of  Teffina  calcarea  agrees 
perfectly  with  this  shell ;  but  a  species  of  Thracia  (probably  T,  truncata)  was  in- 
advertently engraved  in  the  plate.  56.  Abra  prismatica.  57,  Mactra  soUda,  rar. 
elHpticaii,),  Ss.  Venus  casina,  5Q,  V,  ovata.  00.  F./<Mdate,young(J.).  61.  IW- 
ladra  virago.  62.  Goodallia  triangtdaris.  63.  Astatic  danmoniemts,  64.  Cyprina 
Islandica,  65.  Lucina  borealis.  66.  Thyatira  JUxuosa,  67.  Montacnta  substriahif  on 
Spatangtis  pttrpureus,  '•68.  Kellia  suhorbictdaris,  69.  Cardium  eckinatum,  70.  C. 
fasciatitm  (J.).  71.  Saxicava  rugosn.  72.  Area  tetragona.  73.  Pedtmcultis  glyei" 
meris.  74.  Nucula  temUs,  76.  Crenella  decussate,  76.  Modiolana  discors,  77.  M. 
nigra.  78.  Modiola  umhilicataj  Penn.  {M.  modiolus,  L.,  is  an  East-Indian  species^. 
79.  M.  phasedina,  80.  Ppctcnpusio  (J.I.  81.  P.  operciilaris.  82.  Lima  Loscomln, 
83.  L,  suhauriculata.     84.  L.  etliptica  (J.).     85.  Anomia  squamula, 

ECIUNODERMATA. 

Fragments  of  a  species  of  Antedon^ 

Bryozoa. 
(Named  by  Dr.  F.  A.  Smith.) 
1.  hppralia  iHspinosa,  Johnst.  (X.  JaquenotianOj  Aud.).  2.  L,  ciUataj  L.  3.  Z. 
tew«,  Flem.  4.  Z.  oi'rt/i«,  Hassall  (=  coccinea^  Abildg^.  5.  L,  MahtcU^  Aud. 
6.  Celleporaiia  ramulosa^  L.  All  the  above  are  on  Venus  casina,  7*  Lepi'dHa 
Peachii,  Johnst.,  var.  coccinca.  8.  Membranipora  trifolium,  Wood.  0.  JH.  Pomlletif 
Aid.  {Lcpralia  Malucii,  And.),  10.  Celleporatubiger,BnB)i,  All  these  are  on  Pec- 
iunctdus  glydmens.  ______^ 

On  the  future  Administration  of  tJie  Natural -llisiory  Collections  of  (he 
British  Museum*     By  Aitdrbw  Mttrrat,  F,L,8, 

The  author  considered  that  the  announcement  of  the  Chancellor  of  the  Exchequer, 
that  he  would,  early  in  the  next  session  of  Pailiament,  submit  a  scheme  for  the  sepa- 
ration of  the  Natural-History  collections  of  the  British  Museum  from  the  JLabnuy 

t  Query  ?    (See  Intr.  to  •  British  Conchology/  vol.  i.  pp.  xdv-xcvi.) — J,  G.  J. 
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and  other  collections^  as  so  likely  to  be  carried  into  effect^  that  the  proper  time  had 
arrived  for  pressing  on  Qovemment  the  necessity  of  some  changes  m  the  adminis- 
tration of  that  institution..  The  most  important  of  these  changes  was  the  transfer 
of  the  control  of  the  Museum  from  the  Board  of  Trustees  to  a  single  officer  appointed 
by  Goyemment  and  amenable  to  Parliament.  While  admitting  the  good  wnich  the 
Trustees  had  done,  and  that  their  intentions  had  always  been  to  benefit  the  institu- 
tion,  he  maintained  that  the  constitution  of  the  Board,  composed  of  men  who,  with 
one  or  two  exceptions^  felt  no  interest  in  natural  history,  rendered  it  impossible  that 
they  could  do  it  justice.  They  naturally  handed  over  their  power  to  their  chief 
officers,  who  were  thus  invested  with  power  without  responsibility  and  beyond 
appeal ;  and  although  the  public  had  great  reason  to  be  satisfied  with  the  services 
of  these  officers,  there  were  points  on  which  difierence  of  opinion  existed  which 
should  not  thus  be  placed  beyond  the  reach  of  effi^ctuol  remonstrance.  The  Boards 
from  the  same  causes,  were  slow  to  alter  the  existing  order  of  things,  or  to  make 
the  necessary  alterations  required  by  change  of  circumstances  ana  times,  tie 
gave  the  following  illustration  of  this  phase  of  their  rule : — When  the  Museum 
was  young  and  within  manageable  bounds,  it  was  placed  under  one  or  two 
head  curators,  minerals  and  fossils  under  one  head,  and  zoology  under  another. 
Each  of  these  heads  was  allowed  an  assistimt,  and  it  was  made  a  rule  that 
these  assistants  should  not  be  above  thirty  years  of  age,  tlie  idea  being 
that  they  should  be  a  sort  of  apprentices,  who  should  begin  young,  and-on  theit 
respective  superior's  decease  or  retirement,  be  ready  to  take  his  place.  This  rule 
in  itself  was  not  a  bad  one.  It  secured  always  one  good  man  and  one  learning  to 
become  a  good  man.  If  the  su]>erior  officer  died  before  his  assistant  was  qualined 
to  succeed  nim,  it  waa  not  essential  that  the  assistant  should  be  put  into  his  place ; 
and  as  the  regulation  as  to  age  applied  only  to  assidantSf  it  was  no  barrier  in  th6 
way  of  putting  an  older  man  m  tne  upper  place.  But  as  the  collection  grew,  it 
was  found  that  more  heads  were  wanted,  and  then  came  the  error.  Instead  of 
appointing  new  heads  coequal  with  the  previous  heads  for  each  department,  the 
number  of  assistant  curators  was  increased,  and  one  set  apart  to  each  difierent 
department,  so  that  each  department  had,  and  has  now,  only  one  man  to  it.  If  any 
of  them  die  or  retire,  there  is  no  person  to  take  their  work ;  and  being  nominally 
assistant  curators,  although  practically  head  curators,  no  one  can  be  appointed  to 
their  place  who  is  above  thirty  years  of  age — in  other  words,  no  one  wno  knowli 
his  business ;  for  the  study  of  the  Natural  Sciences  is  so  vast  that  to  constitute 
youth  in  such  appointments  hsme  qnd  non,  is  really  to  say  that  the  candidate  must 
be  appointed  before  he  has  acquired  them,  and  before  he  has  shown  any  power  of 
acquiring  them.  The  British  Museum  has  thus  the  unenviable  distinction  of  oeingthe 
sole  place  in  the  whole  world  where  ignorance  of  a  man's  duties  is  not  only  no  impedi- 
ment to  his  appointment  but  a  qualification — nay,  not  only  a  qualification,  but  actually 
a  sine  qud  nan.  Had  the  Trustees  seen  the  working  of  this,  tney  would,  instead  of  ap- 
pointing assistant  curators,  have  appointed  head  curators,  with  such  assistaat  curators 
as  were  necessary.  And  then  for  each  department  requiring  it  we  should  have  had 
two  officers — one  a  competent,  experienced  man  of  position  and  weight  in  the 
scientific  world,  the  other  a  young  assistant,  to  whose  charge  ignorance  of  his 
duties  could  not  be  laid,  seeing  that  his  duties  were  to  learn,  not  to  teach.  The 
author  considered  it  plain  that  we  must  come  back  to  this  original  arrangement. 
These  so-called  assistant  curators,  who  have  long  adminstered  their  respective 
departments  with  credit  to  themselves  and  the  Museum,  must  be  recogmzed  as 
head  curators,  and  assistant  curators,  properly  so  called,  supplied  to  them ;  while 
head  curators,  selected  from  the  best  ranks  ot  men  of  science,  should  be  appointed 
to  those  other  departments  which  require  them.  The  author  pointed  out  some  of 
the  defects  and  inequalities  in  the  arrangement  of  the  materials  in  the  Museum-^ 
more  especially  in  the  Invertebrata.  An  immense  deal  had  been  done  in  procuring 
materials,  but  from  want  of  hands  the  greatest  part  of  it  was  practically  useless  to 
men  of  science.  He  considered  that  what  was  now  wanted  was  less  of  the  acqui- 
sition of  novelties  than  the  utilization  of  those  which  the  Museum  already  pos- 
sessed J  and  he  pressed  the  importance  of  establishing,  to  a  much  greater  extent  than 
has  hitherto  been  done,  the  system  of  exchange  of  duplicates  with  other  museums 
and  individuals  which  has  been  found  so  valuable  by  other  institutions! 
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On  the  Nature  and  Systematic  Position  of  the  Oraptolitidai. 
By  Henry  Alletne  ^N^icholson^  DJSc,  M.B.,  F,0,S, 

The  author  of  this  paper,  after  reviewing  the  various  theories  which  have  lieen 
held  as  to  the  nature  and  affinities  of  the  (Jraptolitidae,  endeavoured  to  show  that 
thej  should  he  referred  to  the  Hjdrozoa — a  view  which  he  believed  was  supported 


structure  existing  in  any  Bryozoon,  whilst  the  '*  cellules  "  found  their  nearest  re- 
presentative in  the  ''  hydrothecae  "  of  the  Sertularians.  It  was  further  pointed 
out  that  there  existed,  in  several  species  of  the  genera  Dichograpsus,  Tetra^ 
grapsus,  and  Dipiogramus,  an  organ  which  had  been  compared  with  tne  basal 
plate  of  Defranda,  a  Bryozoon^  by  Prof.  Huxley,  but  which  was  more  probably 
nomoloffous  with  the  '^  noat ''  or  '^  pneimiatophore  "  of  the  Fhysophoridse,  an 
order  ot  the  oceanic  Hydrozoa. 

As  regards  their  reproduction  the  author  drew  attention  to  the  bodies  first  de- 
scribed by  Hall  in  America  and  by  himself  in  Britain,  and  considered  to  be  the 
^  ovarian  capsules  "  of  Graptolites.  He  pointed  out;  further,  the  resemblance  of 
these  to  the  ''  gonophores  "  of  the  recent  Hydrozoa,  both  in  their  shape,  and  as 
regarded  the  changes  through  which  they  were  observed  to  pass. 

With  reg^ard  to  the  mode  of  existence  of  the  GraptolitidflB,  it  was  shown  that  by 
isa  the  majority  must  have  been  free  and  permanently  unattached — a  fact  highly 
adverse  to  the  oelief  that  they  belonged  to  the  Folyzoa. 

Lastly,  the  author  noticed  the  occurrence  of  a  form,  originally  described  by  him- 
self under  the  name  of  Corynoides  caliculartSj  closely  allied  to  the  true  Graptolites, 
but  apparently  representing  the  order  CorynidsB  (or  Tubularidse). 

In  conclusion,  tne  author  stated  it  as  his  belief  that  the  Graptolitidffi  could  not  be 
referred  to  any  existing  order,  or  eyen  subclass,  of  the  Ilydrozoa.  but  that  they 
stood  in  the  same  relation  to  existing  forms  that  the  Trilo bites  hold  to  the  recent 
Crustacea.  In  their  mode  of  growth,  in  the  arrangement  of  their  parts,  and  in  the 
nature  of  their  structural  elements  they  were  seen  to  resemble  the  Ilydroid  polvpes ; 
but  they  were  widely  separated  b^  their  free  "  hydrosoma."  On  the  other  hand, 
they  approximated  to  the  oceanic  Hydrozoa  in  the  fact  that  they  were  free- 
floating  organisms,  and  in  the  possession,  by  some  forms,  of  an  oigan  resembling  a 
''float  On  the  whole  the  author  was  of  opinion  that  the  Graptoli tides  should  be 
beld  to  constitute  a  new  subclass  intermediate  in  position  between  the  fixed  and 
the  oceanic  Hydrozoa,  and  that  they  mi^ht  possibly,  on  the  derivative  theory  of 
development,  be  looked  upon  as  the  primitive  stock  from  which  the  above  existing 
sections  of  our  living  Hyorozoa  had  originally  diverged. 

On  the  Ffuctification  of  Griffithsia  corallina,  found  in  the  West  Vbe,  Out- 

skerries,  Shethnd.     By  C.  W.  Peach. 

In  May  1804,  when  in  Shetland  with  Mr.  J.  G.  Jeffreys  on  a  dredging  excur* 
sion,  Miss  Jeffreys  found  some  fine  specimens  of  Griffithsia  corallina,  \niich,  on 
examination,  the  author  found  in  fruit  and  in  fine  condition.  Under  the  micro- 
scope he  observed  a  circidar  opening  in  the  lower  part  of  the  joint  above  the  fruit 
(tetraspores),  from  which  opening  the  granular  pulp  of  the  joint  was  poured  on 
the  frmt  under  it.  Harvey,  in  his  introduction  to  his  'British  Marine  Algae,*  gives 
a  lon^  account  of  the  fructification )  but  there  is  nothing  in  it  that  fully  agrees  with 
the  above.  

On  Naked-eyed  MeduscB  found  at  Peterhead  and  Wick',  N,B.,  and  other  Brt^ 

tlsh  Localities.    By  C.  W.  Peacit. 

^  The  author  first  stated  that  during  his  residence  in  Edinbuigh  he  had  opportuni- 
ties of  examining  books  not  before  accessible  to  him;  by  these  he  found  that  many 
of  the  naked-eyed  medusa;  that  he  had  found  were  new  to  the  British  list.  He  then 
described  one  he  got  in  Cornwall  in  1849,  which  he  thought  was  WUlsia  stel- 
lata  of  Forbes,  but  after  careful  examination,  and  comparing  it  with  others,  ia 
satisfied  that  it  is  a  new  species,  and  has  named  it  WiUsia  Comuhica ;  it  has  only 
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twelve  tentacles.  His  next  new  one  is  a  Timaj  which  he  has  named  Tima  Fat'besii, 
in  memoiy  of  the  late  Professor  £.  Forbes ;  the  principal  difierence  between  it 
and  Tima  JBoirdU  is  that  instead  of  having  only  sixteen  tentacles,  in  it  they  are 
numerous.  Several  others  came  in  for  their  share  of  notice,  and  then  he  mentioned 
OoodsireamirabUiSf  a  new  genus  founded  by  Dr.  T.  StrethilltWright,  and  published 
by  him  in  the  second  volume  of  the  Transactions  of  the  Royal  Physical  Society 
of  Edinburgh.  The  author  got  this  snelcmen  at  Peterhead  in  1851.  He  fully  con- 
firmed Dr.  Wright's  observations,  ana  added  that  some  of  his  specimens  had  two 
additional,  but  shorter  tentacles  than  Dr.  Wright^s  ;  he  thought  this  only  a  sexufd 
difierence.  He  then  described  what  he  considered  the  most  curious  of  all  he  had 
seen,  a  new  genus  {Staurophord)  to  the  British  shores,  and  the  largest  naked-eyed 
Medusa  hitherto  noticed  in  our  seas.  It  was  first  found  in  the  Pacific  by  Mei*tens 
when  on  a  voyage  round  the  world ;  since  found  by  Agassiz  in  Boston  Bay,  America, 
in  1849,  and  was  described  by  him  in  a  paper  entitled  "  Contributions  to  the  Na- 
tural History  of  the  Aealephi  of  North  America."  The  umbrella  is  crossed  by 
four  gastrovascular  canals;  from  each  of  them  hang  two  curtain-like  masses ;  and, 
to  appearance,  it  has  neither  mouth  nor  stomach.  However,  by  parting  the  curtains 
both  are  to  be  seen.  He  described  it  at  ^at  length,  and  stated  that  he  got  it  oif 
Peterhead  several  times  in  1851,  and  that  it  grew  from  ^  in.  in  breadth  to  3f  in.  in 
breadth  between  May  and  June.  He  has  named  it  S^urophora  Keithu^  to  mark 
his  respect  for  the  founder  of  Marischal  College,  Aberdeen,  it  having  been  first 
found  near  Keith  Inch,  Peterhead,  once  the  property  of  the  unfortunate  house  of 
Keith.  

Chi  (he  Zoological  Aspects  of  the  Ch'ouse'disease. 
By  the  Rev.  H.  B.  Tbistbam,  M.A,,  F,R.S. 

The  rapid  extension  and  epidemic  character  of  the  grouse-disease  was  attributed 
in  great  measure  to  the  indiscriminate  slaughter  of  predatorv  animals.  These,  it 
was  true,  destroyed  game,  but  it  was  only  the  weakest  and  the  most  diseased  ani- 
mals that  they  could  make  a  prey  of.  In  this  way  disease  was  stamped  out,  as 
had  been  artificially  done  with  the  cattle  plague.  He  commented  severely  on  the 
encouragement  given  by  landed  proprietors  to  the  destruction  of  wild  animals, 
complaining  that  upon  this  question  game-preservers  were  more  open  to  be  in- 
fluenced by  ignorant  gamekeepers  than  by  naturalists.  The  grouse-disease  had 
existed  sporadically  for  at  least  two  years  before  it  was  generally  noticed. 

On  Bird£  Nests  and  their  Plumage  ;  or  the  Belation  between  Sexual  Dif- 
ferences of  Colour  and  the  Mode  of  Nidijication  in  Birds,  By  Alfred  R. 
Wallace,  F.KO.S.,  F.L.S. 

The  author  pointed  out  the  hitherto  unnoticed  fact,  that  whenever  female  birds 
resembled  the  males  in  being  adorned  with  gay  and  conspicuous  coloiu-s.  their  nests 
were  so  placed  or  so  constructed  as  to  conceal  the  sitting  bird.  He  showed  that 
this  generalization  was  supported  by  a  vast  number  of  facts  in  all  the  chief  groups 
of  birds,  while  the  exceptions  were  few  and  unimportant,  and  concluded  by  point- 
ing out  its  correspondence  with  the  general  principle  of  protection  in  modifying 
colour,  and  by  arguing  that  the  whole  of  the  phenomena  could  be  well  explained 
on  the  theory  of  tne  preservation  of  useful  variations. 


Anatomy  akb  Physiology. 

On  Protagon  in  relation  to  the  Molecidar  Theory  of  Organization, 
By  Prof.  Htjohes  Benkeit,  M.D,,  F,B.S.K,  of  Edinburgh, 

The  author  pointed  out  that  the  progress  of  scientific  discovery  tended  singu- 
larly to  confirm  the  truth  of  the  molecular  theory  of  organization,  which  he  had 
first  laid  before  the  Association  at  its  Meeting  in  Glasgow  twelve  years  ago*.    The 

*  Report  of  the  British  Association,  1855,  p.  119. 
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formation  of  a  sulwtance,  named  protagon.  from  the  oleo-Blbnminou«  miittfr  of  the 
egg,  by  the  action  of  alcohol,  had  recently  been  shown  by  Dr.  Mon%omefy  to^  be 
capable  of  enabling  ua  to  make  oat  of  ito  subetanoe,  artificially,  on  a  gUis  elide, 
meet  of  the  elementary  textures  of  animal  bodies.  The  author  had  repeated  Dr« 
Montffomery's  experiments  with  protagon,  and  placed  upon  the  table  a  large  num* 
ber  of  preparations,  exhibiting  organic  forms  and  textures  thus  constructed.  He 
regretted  that  neither  the  time  nor  ihe  arrangements  of  the  Section  were  of  a  land 
whioh  would  enable  the  histologiste  present  &>  examine  them.  He  had  displ(^ed 
one  preparation  under  the  microscope,  however,  which  he  believed  to  be  unic^ue^ 
as  it  demonstrated  that  molecules  possessed  in  tiiemselves  the  power  of  arranging 
themselves  into  nucleated  cell-forms,  without  an^  nrevious  cell-formations. 

The  first  step  in  the  line  of  discovery  which  moicated  the  physical  conditions 
necessary  for  the  formation  of  animal  and  vital  textures  was,  in  ms  opinion*  nmde 
by  Ascherson  in  1840,  who  showed  how  the  mere  contact  of  oil  and  alnumen 
produced  a  molecular  membrane  called  haptogen  membrane.  The  second  step  was 
the  determination  by  Baine^  of  the  influence  of  viscidity  and  limpidi^  in  liquids* 
causing  in  them  the  preci|>itation  of  globular  and  crystalline  forms,  A  third 
step  consisted  in  demonstrating  the  difficulty  with  which  these  viscous  or  ooUoid 
substances  pass  through  memmnes,  as  compared  with  liquids^  for  which  we  are 
indebted  to  the  researches  of  GrahanL  A  fourth  step  he  considered  was  the  de* 
monstration  that  the  diaphanous  or  hyaline  bodies^  so  long  Imown  to  histologista, 
consisted  of  a  glutinous  substance  formed  in  cdls,  which  could  be  squeeied  out  of 
them  by  pressure,  as  lately  shown  by  the  author  *.  Lastly,  the  experimenta  with 
protagon  by  Montgomery  t  had  shown  that  this  peculiar  viscous  material,  when 
mingled  with  water^  albumen,  glycerine,  serum,  or  o^er  substances,  and  acted 
upon  bv  acetic  or  mtric  adds,  could  be  made  to  assume  the  form  of  fibres,  vari- 
cose tubes,  nucleated  cells  (simple  and  compound^,  pus-corpuscles,  and  bodies 
which,  like  salivary  cells,  exhibited  numerous  granufes  m  their  interior,  possessing 
active  molecular  movements.  All  these  researches  tended  to  clear  up  tne  nature 
of  a  multitude  of  facts,  long  known  to  histolo^ts,  to  several  of  which  Dr.  Bennett 
referred,  and  which  had  led  him  to  the  following  conclusions : — 

1.  That  our  present  knowledge  of  the  physical  conditions  necessary  for  the  for- 
mation of  elementary  structures  indicates  the  vast  importance  of  studying  the 
relations,  chemical,  mechanical,  and  structural,  of  the  fiitty,  albuminous,  and 
mineral  constituentB  of  the  anixnal  fi:ame. 

2.  That  the  constant  formative  and  disintegrative  processes  oecuning  among 
these  constituents  is  largely  due  to  chemical  and  mechanical  actioUi  especially 
pressure  and  Motion. 

3.  That  the  differentiation  between  these  elements  is  also  attribntable  to  the 
nhysical  properties  of  viscidity  and  limpidity,  the  former  tending  to  produce  glo- 
Dular,  and  the  latter  linear  or  ciystalline  forms. 

4.  That  these  viscous  and  limpid  fluids  exist  in  the  living  body,  are  constantly 
influenced  by  mixture,  pressure,  and  endosmose,  and  may  frequently  be  seen,  espe- 
cially in  morbid  products,  to  originate  formation  by  molecular  depositloUi  and  so- 
called  nuclei,  cells,  and  fibres  by  molecular  aggregation. 

6.  That  these  facts  throw  great  light  upon  the  circumstances  necessary  for  the 
production  of  elementary  structures,  but  leave  our  conception  of  vital  properdes 
and  of  vital  tendencies  pret^  much  as  it  was,  viz.  unknown  powers  inherent  in 
the  tissues  generally,  determining  their  development  and  regulating  their  action. 

New  Investigations  to  determine  the  Amount  of  Bile  secreted  hy  the  lAver^  and 
how  far  this  is  influenced  by  Mercurials,  By  Prof,  Httorbs  Bknkett,  M.D,, 
F.E.S.E.  ^c. 

The  author  stated  that,  although  much  had  been  written  regarding  the  func- 
tions of  the  liver,  and  the  action  upon  it  of  mercurials,  vexy  liUle  exact  informa- 
tion existed  on  the  subject.  I^Ast  winter  a  Committee  had  been  formed  in  Edin- 
burgh to  reinvestigate  the  amount  of  bile  secreted  in  health,  and  how  far  such 

*  Journal  of  Anatomy  and  Physiolosy,  1867,  p.  322. 
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secretion  was  influenced  bv  merctury.  It  was  composed  of  Profs.  Christison  and 
Maclagan,  of  the  Edinbuigh  University,  Dr.  James  Kogers,  formerly  of  St.  Peters- 
burgh;  Drs.  Rutherfordi  Gamgee,  andlBVaser.  Assistants  in  the  Edinburgh  Univer- 
sity, and  of  Prof  Bennett,  the  Chairman  ana  Reporter. 

After  studving  all  that  had  been  previously  published  by  authors  (an  able 
Report  on  wnich  had  been  ftimished  by  Dr.  Rogers),  the  Committee  first  took  into 
consideration  what  method  it  was  best  for  them  to  pursue.  It  was  then  pointed 
out  by  Dr.  Gamgee  that,  in  the  opinion  of  modem  chemists,  no  kind  of  examination 
of  the  fseces  could  yield  trustworthv  results.  Supposing  that  the  chief  and  cha- 
racteristic constituents  of  the  bile  found  their  way  into  the  ffiDces  unchanged^  im- 
I)erfections  in  the  analytical  methods  at  our  disposal  rendered  its  quantitanve  ana« 
ysis  impossible.  The  plan  of  ascertaining  the  amount  of  bile-acids  indirectly  by 
means  of  nitrogen  and  sulphur  determinations  of  the  alcoholic  extract,  while  most 
unsatisfactory  m  the  case  of  pure  bile,  is  still  more  so  when  applied  to  the  alcoholic 
extract  of  faeces.  The  method  of  Hoppe-Seyler  of  Tubingen,  who  calculated  the 
amount  of  bile-acids  from  the  effect  which  their  solutions  exert  upon  a  ray  of 
polarized  light,  presents  such  complexity  and  difficulty  as  to  render  its  systematic 
employment  in  any  series  of  analyses  altogether  inapplicable.  As  to  the  colouring- 
matters  of  bile,  there  is  no  direct  method  known  by  which  they  can  be  estimated. 
It  was  further  argued  that,  did  we  even  possess  means  of  estimating  the  bile  pro- 
ducts, it  is  onlv  a  small  nortion  of  such  as  are  secreted  by  the  liver  which  can  be 
foima  in  the  alvine  discnarges.  Bidder  and  Schmidt  ascertained  tiiat  the  amount 
of  unoxidized  sulphur  in  them  only  represented  one-eighth  part  of  the  total  sulphur 
which  the  liver  secretes,  and  that  of  the  other  constituents  of  the  bile  the  larger 
proportion  are  absorbed.  That  under  the  influence  of  j^urgatives  unchanged  bile  is 
occasionally  discharged  from  the  bowel,  is  true,  but  this  mmishes  no  proof  of  any 
increase  of  that  secretion ;  for  under  ordinary  circumstances  it  is  decomposed  and 
absorbed  in  the  alimentur  canal,  and  any  cause  which  increases  the  rapiditv  of 
its  passage  there  must  render  absorption  and  decomposition  less  complete.  These 
arguments  convinced  the  Committee  that  no  accurate  information  as  to  the 
amount  of  bile  secreted  by  the  liver  was  to  be  obtained  bv  an  examination  of  the 
fsBces.  They  therefore  resolved  that  the  collection  of  bife  directly  through  arti- 
ficial fistulas  made  with  the  ^all-bladder  was  the  only  means  open  to  tJiem  of  de« 
termining  how  fieur  mercury  influenced  that  secretion. 

Fro£  Bennett  then  described  the  efforts  made  to  establish  fistulas  in  fourteen  do^, 
and  the  apparatus  which  had  been  constructed  to  collect  the  bile  and  prevent  its 
being  disturbed  by  the  animal.  The  investigations  were  carefully  conducted  by 
Dr.  W.Rutherford  and  Dr.  Gamgee,  occasionally  assisted  by  Dr.  Eraser,  and  super- 
intended by  the  Committee.  Ue  gave,  in  a  tabular  form,  the  results  of  four  series 
of  experiments  to  determine  the  amount  of  bile  secreted  without  and  with  mer« 
cury.  It  was  soon  observed  that  the  amount  of  bile  obtained  varied  greatlv  from 
day  to  day,  irrespective  of  the  amount  of  food  and  drink  given,  or  any  other  known 
circumstance.  This  pointed  out  a  serious  fallacy  in  the  observations  of  previous 
experimenters^  who  had  been  satisfied  with  estimating  the  amount  of  bile  fonned 
by  collecting  it  for  a  few  hours,  or  at  most  for  one  or  two  days.  In  each  series  of 
experiments,  an  average  of  the  collections  was  taken  for  six  entire  days,  first  vrith- 
out  and  then  with  mercurv,  and  the  quantities  obtained  were  calculated  so  as  to 
determine  the  amount  of  bile  as  compared  with  each  kilogramme  of  the  doff's  weight 
and  each  kilogramme  of  the  dog's  food.  In  many  important  respects  the  results 
obtained  differed  from  those  of  previous  investigators.  It  is  unnecessary  to  repro- 
duce the  tables  and  observations  made  in  this  ^tract,  because  it  was  pointed  out 
that  further  researches  were  required  before  so  difficult  and  intricate  a  subject 
could  be  sufficiently  investigated  to  warrant  the  formation  of  conclusions.  All 
that  need  be  stated  at  present  is,  that  in  the  experiments  hitherto  made,  mercury 
had  not  caused  any  sensible  effects  either  upon  the  biliary  or  urinary  secretions. 
The  author  concluded  by  observing  that,  should  the  Section  consider^he  researches 
of  the  Committee  so  &r  deserving  of  encouragement  as  to  be  assisted  by  a  small 
grant  from  the  frmds  of  the  Association,  he  noped  to  be  enabled  to  report  more 
definite  results  next  year. 

7* 
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On  the  E}}itkdixim  of  the  Cornea  of  the  Ox  in  relation  to  the  Growth  of  Stra^ 

tified  EpitJulium,     By  Professor  Cleland,  M.D. 

In  this  communication  evidence  waa  brought  forward  to  show  that  in  the  epithe- 
lium of  the  cornea  the  cells  of  the  deepest  stratum,  which  are  columnar,  degenerate 
and  disappear  without  becoming  more  superficiaL  It  was  pointed  out  that  next  to 
these  columnar  cells  were  others  of  greater  breadth  sending  in  processes  between 
them,  and  that  superficial  to  these  were  small  cells,  many  of  them  with  two  nuclei, 
and  hkewise  many  free  nuclei,  and  that  beyond  this  stratum  the  cells  became  gra- 
dually larger,  flatter,  and  more  solid  the  nearer  they  were  to  the  free  surface.  In  con- 
clusion it  was  pointed  out  that  although  the  circumstances  of  nutrition  in  the  case 
of  the  corneal  epithelium  were  too  singular  to  permit  our  safely  assuming  that  other 
stratified  epithelia  grew  in  the  same  manner,  yet  the  facts  brought  forward  were 
sufficient  to  show  that  in  these  structures  the  deepest  cells  were  not  necessarily  the 
youngest,  and  that  cells  might  be  removed  from  them  by  other  means  besides  pass- 
ing to  the  surface.  

On  some  Points  connected  with  the  Joints  and  Ligaments  of  the  Hand, 

By  Professor  Clelakd,  M.D. 

The  following  were  the  principal  points  brought  forward : — 

In  flexion  and  extension  of  the  wrist  the  semilunar  bone  slides  backwarda  and 
forwards  between  the  scaphoid  and  cuneiform  j  and  in  over-extension  of  the  wrist 
it  is  supported  by  two  ligaments,  which  descend  and  converge  to  be  attached  on 
its  palmar  surface,  precisely  according  to  the  principle  by  means  of  which  the 
sacrum  is  suspended  oetween  the  haunch-bones. 

In  the  metacarpo-phalangeal  articulations  lateral  movement  is  prevented  in 
flexion  while  it  is  allowed  in  extension,  by  the  lateral  ligaments  taking  origin  from 
points  nearer  the  extremity  than  the  front  of  the  metacarpal  bone,  and  by  the  distal 
ends  of  the  metacarpal  bones  being  much  broader  in  front  than  behind,  so  that  the 
lateral  ligaments  are  stretched  over  the  broad  part  in  flexion.  The  arrangement 
gives  strength  in  grasping. 

Strong  ligaments,  hitherto  undescribed,  extend  from  the  sides  of  the  phalanges 
near  the  phalangeal  articulations,  and  are  inserted  into  the  skin,  helning  to  retain  the 
diflerent  parts  of  the  integument  in  the  positions  which  they  are  aaapted  to  occupy. 

Microscopical  Preparation  of  the  Nen^es  of  the  Cornea, 
By  Professor  Cleland,  M,D, 

This  preparation,  which  consisted  of  a  considerable  portion  of  the  superficial 
layers  of  the  cornea  of  a  sheep,  exhibited  a  perfect  network  continued  from  nerves 
all  of  which  entered  at  the  periphery.  The  cords  of  the  network,  although  placed 
at  slightly  varying  levels,  united  to  form  a  single  stratum :  they  appeared  to  con- 
sist each  of  several  fibres.]  No  terminations  of  nerves  coula  be  seen,  nor  any  fibres 
given  off  from  the  network,  either  to  the  surface  or  deep  parts  of  the  cornea. 

On  a  new  form  of  Cephalopodous  Ova,     By  Dr.  Collikowood,  M.A,y  F,L.S. 

This  paper  was  a  description,  accompanied  by  drawings,  of  a  remarkable  body, 
found  in  the  North  Atlantic  Ocean,  consisting  of  a  large  number  of  ova  imbedded 
in  a  transparent  jelly  resembling  frog*s  spawn,  and  floating  freely  in  the  sea.  The 
ova  proved,  on  examination,  to  be  those  of  some  species  of  Cephalopod,  but  dif- 
ferent in  character  from  any  other  known  form.  The  author  compared  it  with  the 
described  forms  deposited  by  Octopus^  Sepia,  SepioieuthuSy  LoUqo,  &c.,  to  none  of 
which  it  bore  any  resemblance ;  and  he  exhibited  microscopic  drawings  of  the 
young  CephalopoJs  in  various  stages  of  development. 

On  the  Influence  of  Atmospheric  Air  on  Vital  Action  as  tested  by  the  Air-pump, 

By  Jony  Davy,  M.D.,  F.B,JS. 

In  this  paper  the  author  described  a  certain  number  of  experiments,  the  results 
of  which  showed  how  much  longer  some  animals  are  capable  of  resisting  priyation 
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of  air  than  others.  Thus,  in  one  instance,  an  egjr,  an  inchoate  animal,  so  to  speak, 
was  hatched,  producing  a  healthy  chicken,  after  havinff  been  acted  on  by  the 
air-pump  26  days, — a  young  bird  expiring  in  about  ha&  a  minute,  a  fish,  the 
minnow,  in  about  an  hour  j  the  frog  and  toad  in  about  the  same  time ;  the  earth- 
worm in  about  an  hour  and  a  half;  insects,  such  as  the  bee,  dragonfly,  and  but- 
terfly, after  apparent  death  for  more  than  an  hour,  recovering  on  exposure  to  the 
air,  and  that  repeatedly. 

By  other  experiments  on  birds  by  means  of  submersion  in  water,  he  showed  that 
diflferent  snecies  varied  greatly  in  ability  to  bear  exclusion  of  air :  thus,  while  all 
the  small  oirds  of  which  he  had  made  tnal  expired  under  water  in  a  minute  or  less, 
the  buzzard  lived  about  two  minutes  and  a  half;  the  common  fowl  about  four 
minutes  and  a  half ;  the  goose  and  duck  about  ten  minutes. 

Keasomng  on  the  results,  he  infers  that  each  individual  animal  has  something 
peculiar  in  its  organization,  determining  its  peculiarities  of  function  or  action- 
peculiarities  more  readily  described  than  accounted  for.  He  holds  the  subject  to 
pe,  in  a  great  measure,  mysterious;  nor  is  he  sanguine,  referring  to  the  new  and 
ingenious  views  relative  to  the  genesis  of  species,  that  thev  will  tend,  except  par- 
tialljr,  to  enliffhten  the  suhject,  considering  that  life  itself  is  a  mystery,  and  the 
origination  oi  life,  as  regards  natural  science,  an  unsolved  problem. 

On  the  Phenomena  of  Life  and  Mind, .   Btf  Eobebt  Duitn. 

Voecd  and  other  Influences  upon  Mankind,  from  Pendency  of  the  Epiglottis. 

By  George  Duncan  Gibb,  M,A.,  M,D,,  LL,D. 

The  author  gave  the  results  of  his  examination  with  the  laryngoscope  of  4600 
healthy  persons,  of  all  ages,  both  sexes,  and  varying  positions  of  life,  which  showed 
that  in  ol3  the  epiglottis  was  foimd  to  be  quite  pendent,  in  place  of  a  vertical 
position.  He  determined  that  this  was  hereditary  in  many  instances,  for  it  was 
found  in  the  mother  and  her  child.  This  made  the  percentage  to  be  11  amongst 
Europeans ;  but  it  was  found  to  be  much  greater  in  the  natives  of  Asia  and  Africa, 
260  of  whom  he  had  examined.  The  influences  observed  in  Europeans  were  a 
modification  of  the  natural  voice,  which  tended  towards  a  bass  tone  in  adult 
males ;  the  singing  voice  was  materially  altered,  and  in  the  female  sex  the  higher 
notes  could  not  be  produced  at  all  in  some  persons,  whilst  in  others  it  weakened 
their  vocal  power  and  compass.  The  author  had  never  known  a  great  female 
singer  to  possess  a  pendent  epiglottis.  lie  contrasted  the  direction  of  the  voice 
in  cases  oi  erect  ana  pendent  epiglottis  ;  in  the  latter  the  voice  strikes  the  back  of 
the  throat,  behind,  instead  of  in  front  of,  the  soft  palate.  Young  girls  with  pen- 
dency can  never  expect  to  become  singers  of  any  note  unless  it  be  remedied,  and 
in  them,  and  in  boys  too,  the  voice  is  not  clear  and  silvery  as  it  ought  to  be.  Cer- 
tain conistitutional  peculiarities  were  also  noticed,  and  there  was  a  pn^disposition 
to  contract  the  exanthemata  and  other  diseases  of  an  epidemic  nature.  The  author 
concluded  by  referring  to  the  large  number  of  pendencies  in  Britain,  over  3,000,000, 
and  the  means  to  be  taken  to  remedy  it. 

Observations  with  tlie  Sjyectroscope  on  Atiitnal  Substances, 

By  E.  Rat  Lankesteb. 

By  means  of  dark  bands  produced  in  the  prismatic  spectrum  (when  light  is 
transmitted  through  colourea  solutions)  it  has  been  shown,  by  Hoppe-Seyler  and 
by  Prof.  Stokes,  of  Cambridge,  that  various  coloured  bodies  may  bo  definitely  re- 
cognized. Mr.  Sorby  has  also  made  many  obser\'ations  of  vegetable  colours,  and 
invented  a  very  convenient  form  of  spectroscope.  The  author  s  observations  were 
made  upon  various  coloured  substances  in  the  lower  animals ;  by  this  moans  he  had 
detected  chlorophyl  in  Hydra  and  the  freshwater  Sponf/ilia,  which  had  before  been 
suspected  to  be  present,  but  of  which  there  was  no  ce^taint)^  In  vaiious  worms 
(Eunice,  Lumbncusj  Hirudo),  in  an  insect-lar\'a  (Chironomus),  and  in  a  moUusk 
(Planorbis)  he  had  found  the  same  red  substance  (cruorine)  discovered  by  Stokes 
in  the  blood  of  man  and  vertebrates.  This  was  remarkable,  since  the  reel  matter 
was  deficient  in  nearly  all  mollusks  and  insects ;  and,  moreover,  in  vertebrates  it  was 
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concentrated  into  Ted  corpuBcles,  which  was  not  the  case  with  invertebratea.  A 
new  green,  blood-colouring-matter  was  described  hy  ita  spectrum,  found  in  the 
blood  of  some  annelids  (Siphonostoma),  A  large  number  of  orange,  red,  green,  and 
yellow  pigments  were  obtained  in  solution  hy  ether,  from  marine  Sponges,  Polyaoa, 
Crustacea,  and  other  animals;  but  none  of  these  had  given  definite  abeorption-banda 
by  which  they  could  be  recognized  and  chamcterized.  It  appeared  that  roeVe  pig- 
ments did  not  present  the  phenomenon,  whilst  other  bodies  not  of  a  fatfy  nature 
did.  It  waa  very  desirable  that  further  observations  should  be  made  with  the 
spectroscope  on  animal  substances. 

Nouvelle  eomparaison  des  memhres  pehiers  et  thoraeiques  ehes  Vffommey  les 
MammifereSf  les  Oiseaux  et  les  BeptiUs  dSduite  de  la  torsion  de  Vhumerus. 
Par  Chablbs  Mabtins*.  ___^ 

Life — its  Nature,  Origin,  ^c.    By  P.  Melvillb. 

Notes  of  Experiments  with  Poisons  Sfc,  on  Young  Salmon.    By  Dr.  M'linoaH. 

These  experiments  were  performed  in  1862  and  1863  on  newly  hatched  fish, 
which,  from  their  transparency,  ore  very  favourable  subjects.  The  most  numerous 
were  those  with  Flem.  tinct.  oi- aconite,  which  at  first  caused  svmptoms  of  irrita- 
tion, with  twitching  and  considerable  muscular  movement  ^he  heart's  action 
by-and-by  became  irregular,  and  then  a  remarkable  tendency  to  more  rapid 
motion  of  the  auricle  appeared,  with  a  slowing  of  the  ventricular  action,  and  the 
latter  became  more  marked  as  the  paralysis  of  the  muscles  generally  increased. 
Under  the  action  of  this  poison  some  very  interesting  observations  may  be  made  on 
the  heart's  action ;  and  from  the  non-rhythmical  movements  of  the  cavities,  a 
halt  was  now  and  then  caused  b^  the  contractions  occurring  at  the  same  time« 
The  general  result  was  that  the  auricle  contracted  twice  for  each  ventricular  action. 
This  condition  was  independent  of  the  respiratory  process.  Other  drugs  experi- 
mented with  were  tinct.  digitalis,  creosote,  sulphuric  ether,  chloric  etner,  mor- 
phia, chloroform,  bleaching-powder.  ammonia,  &c.  A  few  minims  of  a  solution  of 
oleaching-powder  proved  rapidly  ratal ;  and  though  the  fish  was  placed  under 
running  water  in  a  few  minutes,  and  before  motion  ceased,  it  did  not  recover. 
Muscular  irritability  and  convulsive  movements  continued  for  about  a  minute 
after  the  heart's  action  had  ceased  under  chloroform.  Considerable  vitality  was 
exhibited  when  the  fish  was  placed  in  sea-water,  death  ensuing  slowly  from  cardiac 
congestion  caused  by  the  shrivelling  of  the  superficial  textures,  and  consequent 
shutting  up  of  the  blood-channels;  and  secondly,  from  a  peculiar  coagulation 
and  hardemng  of  the  yelk-sac  and  the  resulting  interference  with  nutrition.  The 
tentacles  of  an  anemone  (Tealia  crassicotTiis)  did  not  appear  to  exert  a  ];>oisonous  or 
paralyzing  action,  but  the  young  fish  died  slowlv  from  the  physical  injuries  in- 
flicted by  the  dart-cells.  Kegenerntion  of  artificial  wounds  rapidly  ensued,  and 
when  the  tip  of  tlio  tail  was  cut  off  some  curious  effects  were  ooserved  in  regard 
to  the  clot  which  formed  at  the  tip  of  the  artery. 

On  the  Adaptation  of  the  Structure  of  the  Shell  of  the  Bird's  Egg  to  the 

Function  of  Mespiration,     By  Dr.  G.  OoiiviE. 

The  principal  object  of  this  paper  was  to  call  attention  to  the  constant  occurrence 
of  a  cavernous  stratum  on  the  interior  of  the  shell  of  the  egg,  formed  by  a  series  of 
warty  excrescences  from  the  calcareous  crust,  and  covered  m  by  the  lining  mem- 
brane of  the  shell,  which  adheres  so  intimately  to  the  points  of  the  tubercles  that 
a  fleecy  film  is  always  left  when  the  membrane  is  torn  off  from  the  inside  of  the 
shell,  and  in  many  cases  can  be  removed  only  hy  burning  it  off  by  calcination, 
though  the  nature  of  the  structure  may  be  shown  in  other  ways,  as  by  sections  and 
the  use  of  aniline  dyes,  which  tinge  the  fibrous  tissue,  with  little  or  no  effect  on  the 
shell  proper.  The  penetration  of  the  external  air  into  the  cavernous  structure, 
through  the  overlying  stratum  of  the  calcareous  crust,  is  facilitated  by  the  por»-like 
pits  on  the  outside  of  the  shell,  which,  though  in  many  cases  they  do  not  go  directly 

*  Sos  Appendix. 
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mtieli  below  the  surfaoe,  yet  may  be  sbown^  by  the  permeation  of  oolouied  liquids, 
to  funiiBh  an  indirect  commumcation  with  the  vacuitieB  of  the  deep  layer,  either 
by  fiasuns  or  cracks  passing  between  them,  or  bj  the  more  pervious  nature  of  the 
intervening  tract  This  general  airangement  of  an  upper  compact  and  a  lower 
cavernous  stratum  has  a  certain  analogy  with  the  structure  of  tne  internal  tissue 
efleavesy  amounting,  indeed,  in  some  cases  to  so  close  a  resemblance  that  one 
miffht  readily  comnare  the  shell  of  some  chelonian  reptiles  to  tiie  parenchyma  of  a 
leaf  which  mid  unaergone  calcification }  and  as  in  the  egg-shell  we  have  the  pore- 
like pits  on  the  outer  surfi&ce  to  facilitate  the  permeation  of  the  air  to  the  subjacent 
stratum,  so  in  floating  leaves,  which  have  their  stomata  on  the  upper  epidermis, 
we  generally  have  some  arrangement  to  lessen  the  obstructive  influence  of  the 
layer  of  compact  tissue  between  them  and  the  spongy  parenchyma  below.  Of  this 
perhaps  we  have  the  most  striking  example  in  the  large  tapering  cells  in  the  leaf  of 
the  White  Water  Lilj,  which,  when  e2mo8ed  to  the  action  of  an  aniline  dve,  become 
very  conspicuous  objects  &om  the  reaoinees  with  which  they  take  in  the  colour ; 
the^  somewhat  resemble  a  series  of  nails  driven  through  the  compact  tissue,  with 
their  flattened  heads  immediately  under  the  stomata,  and  their  points  prqiecting 
into  the  air-spaces  below.  As  another  example  of  such  an  arrangement,  reference 
was  made  to  the  vacuity  under  each  stomatio  opening  in  the  upper  layer  of  parens 
chyma  in  the  leaf  of  the  common  pond-weed. 

On  the  Antisepiie  Properties  of  the  Stdphitee.    By  Dr.  Polli,  of  MUan. 

Sulphurous  acid  was  said  to  be  the  most  active  agent  in  arresting  all  organic  fer- 
mentation. As  the  acid,  however,  was  not  easily  applicable  in  experiment.  Dr. 
FoUi  had  undertaken  an  investigation  as  to  the  action  of  the  sulpnites  of  lime, 
hyposulphite  of  magnesia,  sulphite  of  magnesia,  and  sulphite  of  soda.  These  sub- 
stances were  found  to  possess  all  the  properties  of  sulphurous  acid,  with  the  advan- 
tage that  their  action  was  more  uniform  and  certam  and  constant.  In  experi- 
menting on  animals  and  himself,  he  found  that  larse  doses  could  be  taken  witnout 
risk.  On  killing  ammala  treated  with  sulphites^  ana  others  not  so  treated,  he  found 
tiiat  the  former  were  most  slow  to  decompose,  and,  indeed,  remained  quite  fresh 
when  the  others  were  putrescent  and  offensive.  Another  series  of  experiments 
showed  that  in  one  class  the  administration  of  the  sulphites  was  sufficient  to  efkct 
a  more  or  less  rapid  cure  in  cases  where  blood-poisoning  was  present,  as  in  fevers. 
Dr.  Polli  was  anxious  to  have  it  clearly  stated  tnat  he  did  not  attribute  this  to  any 
curative  power  in  the  sulphites,  but  to  the  fact  that  they  arrested  decomposition,  ana 
by  so  doing  allowed  the  animal  to  recover  by  the  recuperative  power  existing  in  its 
own  constitution.  The  author  thought  his  observations  conclusive  as  to  ^o  excel- 
lent influence  of  the  sulphites  on  certain  diseases. 

On  Ooagidation  of  the  Blood — a  eorreetUm  of  the  Ammonia  Theory. 

By  Dr.  W.  B.  BicmABssoif . 

On  some  Effects  produced  by  applying  Extreme  Cold  to  certain  parts  of  the 

Nervous  System,    By  Dr.  W«  B«  Bichabdsok. 

On  certain  Effects  of  the  Concentrated  Solar  Bays  upon  the  Tissues  of  lAving 
Animals  immersed  in  Water,    By  Geobge  Eobhtson,  M.D. 

After  adverting  to  the  wonderful  effects  of  the  composite  nature  of  the  solar  rays, 
and  to  the  circumstance  that  water  of  aU  fluids  next  to  the  air  is  the  medium  most 
intimately  connected  with  animal  and  vegetable  life,  the  author  p^ves  an  account 
of  the  efiects  he  has  observed  when  he  has  concentrated  the  solar  rays  on  nu- 
merous bodies  immersed  in  water. 

The  most  remarkable  results  were  those  obtained  in  experimenting  on  small 
fishes  and  frogs.  To  the  former  tiie  action  of  the  rajs,  when  concentrated  upon 
the  head*  was  immediately  fatal ;  of  the  latter  the  skm  was  shrivelled  and  disco- 
loured. Even  on  his  own  hand  the  effect  was  immediately  perceptible,  pain  followed 
by  inflammation. 

He  concluded  with  remarking,  <<  It  would  therefore,  from  this  particular  rela- 
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tioxi)  appear  that  the  nervous  structures  of  liying  aTiimals  are  peculiarly  sendtiTe 
to  the  stimulating  a^ncies  present  in  the  solar  rays,  irrespectiye  of  the  actual  heat 
of  the  latter ;  and  it  is  thus  rendered  probable  that  it  is  not  the  calorific  element  of 
those  rays  that  produces  the  effects  witnessed  in  my  experiments.  Whether  or  not 
their  actinic  or  chemical  part  chiefly  operates  in  these  cases,  or  whether  another 
active  power  nearly  allied  to  electricity,  or  the  nervous  force  itself,  is  really  con- 
tained m  the  sun's  rays,  must  be  left  for  further  research." 

On  the  Presence  of  Quinine  and  other  AJJcaloide  in  the  Animal  Economy, 

By  Wentworth  L.  Scott. 

Professor  Allen  Thomson  exhibited  microscopical  preparations  of  the  Cochlea, 
of  the  Retina,  and  of  Teeth  of  Fossil  Fishes. 

A  Contnbution  to  the  Aiiatomy  of  the  Pilot  Whale  (Globiocephalus  svincval). 

By  Prof.  Turner. 

Two  innominate  arteries  arose  from  the  transverse  part  of  the  arch  of  the  aorta ; 
the  ri^ht  bifurcated,  and  by  one  branch  gave  origin  to  the  carotis  cerebralis,  carotis 
facialis,  and  subclavian  arteries,  by  the  other  to  the  cervico-occipitalis  and  the 
art  thoracica  posterior  dextra.  The  left  innominate  ^ave  origin  to  a  small  th;)Toid 
arteiT  and  then  bifurcated :  its  anterior  branch  divided  into  carotis  facialis  and 
subclavia  sinistra ;  its  posterior  branch  into  carotis  cerebralis  and  cervico-occipi- 
talis.  The  art.  thoracica  post,  sinistra  arose  from  the  back  of  the  arch  close  to  its 
junction  with  the  ductus  arteriosus.  The  cerebral  carotids  diminished  very  much 
m  size  before  entering  the  skull,  as  Sharpey  and  Von  Baer  had  already  shown  in 
the  porpoise.  The  weight  of  the  brain  was  68  oz.,  and  the  amount  of  blood  con- 
veyed to  it  by  these  arteries  was  much  less  than  in  the  adult  human  brain,  so  that 
the  functioufu.  activity  is  necessarily  slower  than  in  the  brain  of  Man. 

The  stomach  was  subdivided  into  five  compartments :  the  1st  and  2nd  communi- 
cated with  the  bottom  of  ^  the  oesophagus,  ana  along  with  the  3rd  corresponded  to 
the  first  three  subdivisions  of  the  stomach  of  the  porpoise.  The  4th  compartment 
in  the  Pilot  Whale  is  not  difierentiated  in  the  porpoise,  but  the  6th  compartment 
corresponds  to  the  4th  or  sigmoid  stomach  of  the  porpoise.  Between  it  and  the 
cylindrical  duodenum  was  a  dilatation,  which  difiered  from  the  dilated  commence- 
ment of  the  duodenum  in  the  porpoise  in  not  having  the  hepatico-pancreatic  duct 
opening  into  it. 

These  and  other  details  are  given  much  more  fully  in  the  '  Journal  of  Anatomy 
and  Physiology/  November  1867, 


Microscopic  preparations  in  illustration  of  the  ultimate  airangement  of  the  bile- 
passages  and  of  tne  minute  anatomy  of  the  nervous  system  were  exhibited  by 
Prof.  Turner.  The  preparations  were  made  by  Mr.  A.  B.  Stirling,  Assistant  in 
the  Anatomical  Museum,  University  of  Edinburgh.  The  sections  of  the  liver, 
from  the  rabbit,  served  to  confirm  the  recent  views  of  Ilering  and  others,  that  the 
bile  passes  to  the  periphery  of  the  lobules' in  channels,  which  lie  between  and  have 
their  walls  formed  by  the  liver-cells,  and  which  communicate  with  the  interlo- 
bular branches  of  the  hepatic  duct. 


GEOQEAPHY  AND  ETHNOLOGY. 

Address  by  Sir  Samvel  Baker,  F,2i,0.S.,  President  of  the  Section, 

Two  years  have  elapsed  since,  in  the  month  of  September  1866,  jaded  with  the 
anxiety  and  fatigue  of  nearly  five  years*  exploration,  i  and  the  devoted  companion 
of  my  jouiTiey — my  wife — returned  to  civibzation  from  a  land  of  savages,  fix)m  the 
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Albert  N'yanza ;  and  we  rejoiced  thatj  iu  conjunction  with  the  discoveries  of  Speke 
and  Grant,  we  had  secured  for  England  the  merit  of  the  discovery  of  the  ^ile- 
sources.  ...  I  have  received  many  rewards  for  this  long  period  of  trial  and 
diificul^  in  African  research, — ^the  approbation  of  Her  Majesty,  the  gold  medals 
of  the  Koyal  Geographical  Societies  of  both  England  and  fVance,  and  the  cordial 
reception  of  the  account  of  our  travels  given  in  the  'Albert  N'yanza  Great  Basin 
of  the  Nile ;'  but  believe  me  when  I  assure  you  that  I  esteem  as  one  of  the  highest 
honours  the  compliment  that  has  been  bestowed  bythe  British  Association,  by  their 
invitation  that  X  should  occupy  the  position  of  "rresident  of  their  geographical 
section. 

When  I  look  upon  my  right  hand  and  upon  my  left,  and  find  myself  supported 
by  those  veterans  of  science  and  of  industry,  by  those  men  whose  heads  have  grown 
grey  in  the  pursuit  of  knowledge,  and  whose  intellects,  enriched  by  the  experience 
of  a  long  life,  we  regard  with  reverence  and  esteem,  I  feel  with  much  humility  that 
I  am  a  usiirper  of  the  Presidential  chair  which  has  been  so  ably  and  so  honourably 
filled  by  Sir  Roderick  Murchison  and  by  Mr.  Crawfurd,  the  time-honoured  Presi- 
dents of  the  Royal  Geographical  and  the  Ethnological  Societies. 

But,  as  the  younger  trees  grow  up  beneath  the  branches  of  the  venerable  oaks 
and  prosper  in  their  shade,  even  so  I  venture  to  rise  between  my  much-honoured 
supporters,  and  recall  to  recollection  the  important  fstct  that  the  high  and  prominent 
position  now  held  by  the  geographical  section  in  the  proceedings  of  the  British 
Association  is  due  to  the  labour  and  untiring  energy  of  bir  Roderick  Murchison,  to 
whom  belongs  the  merit  of  having  given  to  Geography  an  independent  place  in  the 
Meetings  of  this  general  parliament  of  science. 

Geography  is  worthy  of  this  high  position,  as  nearly  every  science  is  dependent 
upon  our  Knowledge  of  the  earth. 

Astronomy  would  afford  meagre  results  were  we  ignorant  of  the  spherical  form  of 
our  world,  and  were  our  observations  confined  to  our  own  cloudy  shores ;  but  our 
observations  are  directed  from  stations  in  all  positions  on  the  globe,  the  knowledge 
of  those  positions  being  due  to  our  first  explorers. 

Ethnologv  is  a  twin  sister  of  geographical  science,  as  the  numerous  races  of  human 
beings  (so  diverse  and  inexplicaole)  that  inhabit  the  various  portions  of  the  earth, 
from  the  ice-bound  regions  of  the  Arctic  to  the  burning  deserts  of  Africa,  would 
have  been  unknown  but  for  the  reseai'ches  of  geographers  and  explorers. 

Theology  is  closely  interwoven  with  the  study  of  geography ;  the  history  of  man 
from  the  remote  beginning  is  linked  with  a  description  of  the  creation  of  the  world, 
when  God  said,  "  Let  us  make  man  in  our  own  image."  From  that  time  the  very 
elements  of  our  creed  are  connected  with  particular  positions  upon  the  earth's  sur- 
face. The  most  important  events  that  have  influenced  the  march  of  civilization 
and  the  spread  of  Christianity  have  occurred  in  certain  places  that  throw  intense 
interest  upon  the  science  of  geography.  The  wanderings  of  certain  nomadic  tribes 
seeking  for  new  pastures  for  their  flocks  have  brought  to  light  new  countries,  and 
have  implanted  new  religions.  The  arrival  from  Chaldea  of  Abraham,  the  simple 
Arab  chieftain  with  his  followers  who  settled  in  a  new  country,  laid  the  foundation 
of  our  Jewish  history,  followed  by  those  mighty  events  at  distant  intervals,  the 
Exodus  from  Ecrypt,  the  building  of  Jerusalem,  the  birth  of  Christ,  the  Roman  con- 
quest, until  at  length,  by  the  victories  of  Cossar,  the  West  was  rescued  from  its 
savngedom,  and  the  road  was  opened  to  Great  Britain,  to  be  followed  by  the  light 
of  truth.  All  this  wonderful  train  of  progression  is  based  on  geography ;  and,  as  St. 
Paul  with  untiring  zeal  journeyed  often  "  in  perils  of  waters,  in  penis  of  robbers,  in 

Eerils  by  the  heathen,  in  perils  in  the  wilderness,  in  weariness  and  painfulness,  in 
unger  and  thirst,  in  cold  and  nakedness,"  even  so  the  missionary  and  the  explorer 
have  united  in  patiently  boring  their  way  through  lands  that  have  lain  hidden  since 
the  world*s  creation ;  and  these  countries  have  risen  to  the  first  rank  in  the  earth's 
liistory.  Far-distant  lands,  tenanted  by  savage  races  that  knew  no  God,  rescued 
from  a  state  of  barrenness,  are  smiling  with  prosperity ;  the  wild  beasts  and  the 
heathen  have  retreated  before  advancing  civilization,  and  the  sound  of  the  church- 
bell  rings  at  our  very  antipodes.  Thus  is  religion  linked  with  the  study-  of  the 
earth.  The  advancement  of  Christianity  is  dependent  upon  the  migrations  of 
Christians  that  shall  implant  the  seed  of  truth  iu  foreign  soils.     Those  migrationsi 
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aid  ddpondent  upon  geographical  discoverieB  that  shall  hiing  to  light  countries  and 
climates  favouraDle  to  the  deyelopment  of  European  races.  Thus  dvilization  will  ad- 
vance to  a  lugher  standard  in  such  latitudes  as  are  condudve  to  industry  asxd  enter- 
prise ;  the  severity  of  an  Arctic  region  would  he  as  great  a  harrier  to  the  intellectual 
progress  of  the  inhabitants  as  would  the  burning  sun  and  barren  sand  of  the  desert  where 
Nature  has  withheld  every  blessing  from  mankiad.  In  such  localities  the  human 
energies  are  overpowered  by  the  oppression  of  circumstances,  and  a  high  standard 
of  civilization  can  never  be  attained.  If,  therefore,  civilization  be  mainly  dependent 
upon  temperature  and  geographical  position^  it  will  be  exhibited  in  the  hignest  de- 
gree within  particular  latitudes  comprised  in  the  temperate  zone.  The  discovery  of 
countries  that  afford  the  requisite  conditions  for  such  advancement  has  been  the 
grandest  result  of  comparatively  modem  geography.  In  tracing  the  progress  of 
geographical  science  from  the  earliest  period  of  nistory,  we  are  struck^  with  the 
marvellous  strides  effected  during  the  hmt  three  centuries. 

When  we  consider  that  the  Mosaical  history  accounts  for  4004  years  from  the 
creation  of  the  first  man  until  the  birth  of  Christ,  and  thus  establishes  the  recorded 
existence  of  man  for  a  period  of  5871  years  to  the  present  day,  we  must  r^nixd  with 
the  most  intense  interest  the  mysterious  development  of  the  world  during  that  space 
of  time. 

The  Phoonicians  were  the  most  ancient  maritime  power  described  in  history,  the 
ports  of  Tyre  and  Sidon  having  been  their  London  and  LiverpooL  Even  at  the 
remote  date  when  Fharoah  Necho  governed  Egypt,  the  Phoenicians  are  said  to 
have  circumnavigated  Africa,  having  passed  through  a  canal  from  the  Mediter- 
ranean to  the  Red  Sea,  and  returned  to  Egypt  by  the  Straits  of  Qibraltar.  Thus 
was  mysterious  Africa  sailed  around  at  that  remote  age, — ^an  object  of  barren  wonder 
to  the  mariners,  who  were  amazed  to  find  the  rising  sun  upon  their  right  hand  in- 
stead of  on  their  left  upon  rounding  the  Cape  of  Good  Hope  from  the  east  and 
coasting  north* 

The  Phosnidans  are  supposed  to  have  traded  with  England,  and  to  have  obtained 
tin  from  Cornwall ;  thoy  founded  Carthage,  which  subsequently  gave  birth  to  the 
adventurous  explorer  Hanno,  who  coasted  the  western  shores  of  Africa  to  near  the 
Equator. 

In  those  days  the  principal  objects  of  exploration  were  commerce  and  conquest : 
there  was  no  Kqyal  Qeographical  Society,  with  a  Murchison  as  President,  to  support 
the  love  of  science  and  adventure ;  but  the  report  of  the  explorer,  if  successfuli  was, 
as  in  the  case  of  Csssar,  Veni,  vidi,  vici  I 

The  voyages  of  the  ancients  were  generally  confined  to  coasting  or  to  crossing 
narrow  seas  by  the  guidance  of  the  stars,  in  precisely  the  same  manner  as  performed 
at  the  present  day  hy  the  Arabs  in  navigating  the  Persian  Gulf  and  the  Red  Sea. 
There  can  be  little  doubt  that  they  were  acquamted  with  India  and  Ceylon,  as  the 
presents  of  peacocks  to  Solomon  must  have  been  brought  from  one  of  "those  coun- 
tries, that  species  of  bird  being  unknown  in  Africa.  The  conquests  of  Alexander 
extended  geographical  knowleage  into  the  far  interior  of  India;  and  the  founding  of 
Alexandria  aadeid  an  important  seaport  to  the  Mediterranean. 

Although  the  enteipnse  of  the  Greeks  and  the  Phoenicians  had  overcome  the 
difficulties  of  the  Mediterranean,  and  had  established  trading-stations  upon  the  east 
coast  of  Africa,  their  explorations  were  bounded  by  that  impassable  burrier  to  the 
west — ^the  mysterious  Atlantic  Ocean.  They  had  visited  Zanzibar,  and  doubtless 
they  had  penetrated  far  into  the  interior  of  Eastern  Africa,  and  had  heard  of  the 
existence  of  the  great  lakes  which  Ptolemy  long  afterwards  placed  upon  his  map, 
from  the  description  of  native  merchants,  as  the  sources  of  the  Nile ;  out  from  the 
bc^nning  of  the  world  up  to  the  fifteenth  century,  no  human  eye  had  pierced  the 
mystery  of  the  Atlantic.  At  that  time  there  were  two  great  geographical  questions 
to  be  solved — the  Nile  and  the  Atlantic. 

The  fifteenth  century  was  rich  in  geographical  discovery.  Marco  Polo's  travels  in 
Asia  had  brought  renown  to  Venice ;  and  Vasco  de  Gama  had,  by  the  circumnaviga- 
tion of  Africa,  sustained  the  honour  of  Portugal,  which  enterprismg  country  assumed 
the  lead  in  exploration,  until  Columbus  achieved  the  feat  that  completely 
altered  the  geognphy  of  his  age— the  discovery  of  America.  How  litUe  did  he 
dream  that,  within  the  ihort  interval  of  three  and  a  half  centuries,  the  New  World 
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that  he  had  diMSorered  woidd  be  able  to  defy  the  Old!—- that  upon  the  wares 
which  rocked  the  frtul  canoes,  iron-clads  would  fl  j  the  stars  and  stripes,  tiiat  a  vast 
nation  of  Christian  men  should  spring  from  the  new  soil  and  people  the  desolate 
wastes,  that  the  wilderness  shomd  Mcome  a  garden  and  the  swamps  luxuriant 
cotton-fields,  that  great  cities  shotdd  arise  upon  the  margin  of  her  rivers,  that  the 
slave  should  be  rendered  free,  and  that  the  electric  spark  should  speak  in  the  pro- 
found depths  of  the  Atlantic  and  hold  communication  each  minute  with  the  'VV^t  I 
— ^that  weaiy  distant  West,  to  which  for  weeks  and  weeks  he  had  struggled  on 
towards  unlmown  shores,  lost  on  a  boundless  ocean,  but  trusting  in  a  Divine  Guide 
who  watched  over  the  human  instrument  that  steered  onwards  on  the  grand  path  to 
civilization. 

In  the  short  period  of  880  years,  a  small  fractional  portion  of  the  interval  assigned 
to  the  existence  of  man  upon  our  earth,  what  vast  changes  have  occurred,  not  only 
in  geo^phical  discovery,  but  by  its  results !  America  has  become  a  giant,  an 
irresistible  power  upon  her  own  soil,  separated  from  Europe  by  an  ocean  that  renders 
her  secure  from  hostile  Rjrgression.  W  ith  every  variety  of  climate,  from  the  frigid 
to  the  torrid  zone,  with  fertile  soil,  boundless  forests,  navigable  rivers  of  prodigious 
extent,  and  commodious  ports,  the  future  of  that  wonderful  country  may  be  pro- 
gnosticated by  a  comparison  with  the  past.  The  first  steps  of  a  young  colony  are 
slow  and  full  of  difficulty  j  but  if  in  880  years  America  has  attained  her  present  high 
position  from  an  utterly  savage  state,  what  port  will  that  vast  continent  assume  m 
the  fiiture  history  of  the  world  P 

If  possible,  more  wonderful  in  rapid  advancement  than  America  is  that  eztmor^ 
dinary  country  beneath  our  very  feet.  Australia  is  an  instance  affording  a  practical 
result  of  that  wide  theory,  that  temperature  and  geographical  position  are  the  chan- 
nels  of  civilization,  and  that  according  to  the  conditions  of  climate  and  the  advan« 
tages  of  a  locality  will  be  its  degree  in  the  scale  of  jjrogress.  Within  the  memory 
of  many  who  are  nere  present,  the  now  important  cities  of  Australia  were  mere  bu^ 
upon  the  family  tree  of  colonies.  Blessed  with  the  fiivourable  conditions  of  tem- 
perature and  geographical  position,  they  have  burst  suddenly  into  bloom.  Not  only 
nave  we  that  vast  pyramia  of  gold  exposed  in  the  Paris  Exhibition  as  proof  of  the 
value  of  Australia,  but  we  possess  a  more  lasting  testimony  of  the  importance  of 
that  fifth  section  of  the  globe  in  the  imports  of  ivool  of  the  finest  quality.  This  la 
the  most  oomplete  proof  of  success,  as  the  locality  most  favourable  to  the  fine- wool- 
bearing  species  of  sneep  is  that  most  speciaUy  adapted  for  the  European  races  of 
mankind. 

We  have  thus  two  grand  examples  before  us  of  the  energy  and  vitality  of  the 
Anglo-Saxon  race.  Great  Britain,  that  at  the  time  of  the  Roman  conquest  was  an 
island  of  half-naked  savages,  whose  explorations  were  confined  to  coasting  their 
own  shores  in  hide  and  wicker-work  canoes,  has  in  the  course  of  ages  fulfilled  her 
great  destiny,  and  is  become  the  parent  of  the  East  and  West.^  Australia  and 
America  are  the  two  huge  children  of  the  old  moth^,  grand  ofi&prings  from  which 
must  iiow  the  sources  of  civilization. 

But  in  the  moment  of  triumph,  when  we  regard  these  mighty  results  of  geogra- 
phical enterprise  with  pride  and  satisfaction,  geography,  that  all-important 
science  which  we  have  now  the  honour  to  represent,  wniroers  this  warning  in  our 
ears — **  That  as  we  have  peopled  distant  lands,  and  nursed  these  infants  until  they 
have  become  great,  the  mother  should  no  longer  hold  them  in  the  leading-strings 
of  childhood,  but  that,  as  stalwart  sons  grown  into  manhood  launch  independently 
upon  the  world,  so  should  our  great  ofisprings,  Canada  and  Australia,  regard  the  old 
mother  with  affection,  but  assume  their  position  of  independence."  Geography  is 
the  base  of  diplomacy.  There  are  things  difficult,  but  possible ;  but  there  are  ob- 
stacles of  Nature  that  are  impossible  to  overcome.  The  Atlantic  declares  the  inde- 
pendence of  Canada,  as  no  support  could  be  afforded  by  Great  Britain  in  a  conteet 
with  America. 

It  is  natural  to  our  insular  posdtion  that  geographical  science  should  be  more 
deeply  appreciated  in  England  than  in  other  coimtries.  Our  strength  lies  in  our 
commercial  enterprise.  Our  commerce  depends  upon  our  colonies ;  these  encircle 
the  world.  Thus  geomphical  knowledge  must  be  an  important  element  in  Eng- 
lish education,  as  hardly  a  fiimily  exists  in  the  United  Kingdom  that  is  not  repre- 
sented by  one  or  more  of  its  members  either  in  India  or  the  colonies. 
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There  are  at  the  present  day  important  questions  connected  with  our  Indian  pos- 
sessions that  demand  the  yi^roos  attention  of  English  geographers.  It  is  a  cunous 
fact  that  all  the  great  nautical  discoveries  of  the  world  were  achieved  before  l^e 
power  of  steam  had  rendered  the  sailor  independent  of  wind  and  tide :  but  with  the 
peculiar  aid  of  rapid  locomotion  the  mind  of  man  is  not  content  with  ancient  beaten 

Saths,  but  seeks  to  lessen  the  distance  of  remote  countries  by  adopting  new  and 
irect  means  of  communication.  It  appears  to  many  of  us  as  the  affair  of  yesterdaj 
that  the  overland  route  to  India  was  established  by  the  indefatigable  Waghom 
(whose  name  should  ever  be  held  in  honour^ ;  but  in  the  short  space  of  about  fifteen 
years  the  camel  has  ceased  to  be  the  ''  ship  of  the  desert "  upon  the  Isthmus  of 
Suez :  a  railroad  connects  the  Bed  Sea  with  the  Mediterranean,  a  canal  already 
conveys  the  sweet  waters  of  the  Nile  through  deserts  of  arid  sand  to  Suez,  and  a 
fleet  of  superb  transports  upon  the  Bed  Sea  conveys  our  troops  direct  to  India. 
Who  can  predict  the  future  r  who  can  declare  the  great  Frencn  work  to  be  im- 
possible, and  deny  that  within  the  next  half-century  the  fleets  of  the  Mediterranean 
will  sail  through  the  Isthmus  of  Suez  upon  the  Lesseps  Canal  P 

England  has  been  the  first  to  direct  to  general  use  the  power  of  steam.  Our  vessels 
were  the  first  to  cross  the  Atlantic,  and  to  round  the  stormy  Cape  to  India.  The 
name  of  Stephenson  will  live  for  ever  as  the  inventor  of  tne  railway,  and  that  of 
Wheatstone  as  the  adaptor  of  electricity  to  the  telegraph ;  but,  proud  as  we  may  be 
of  these  great  inventions  which  by  the  reduction  of  space  bring  distant  countries 
into  close  communication  and  tend  to  civilization,  have  we  not  thus  destroyed  the 
spell  that  kept  our  shores  inviolate  P  Not  only  ourselves,  but  the  French  also 
possess  a  magnificent  line  of  transports  upon  the  Red  Sea.  We  can  no  longer 
match  the  dexterity  of  our  sailors  against  overwhelming  odds.  Steam  breaks  the 
charm !  Wars  are  the  affair  of  weeks  or  days ;  there  are  no  longer  the  slow  marches 
that  rendered  inaccessible  far-distant  points;  the  railway  alters  tne  former  conditions 
of  all  countries. 

Without  yielding  to  exaggerated  alarm,  we  must  watch  with  intense  attention 
the  advances  of  Russia  upon  the  Indian  frontier;  and  beyond  all  geogcraphical  enter- 
prises we  should  devote  extreme  interest  to  a  new  and  direct  route  to  India  by  the 
Euphrates  YaUey  and  the  Persian  Gulf,  thus  to  be  independent  of  oompUcationa 
that  might  arise  with  Eg^'pt. Thanks  to  the  devotion  and  zeal  ot  the  dis- 
tinguished President,  Sir  Roderick  Murchison,  the  Royal  Geographical  Society  haa 
of  late  years  received  so  great  an  impulse  that  it  comprises  at  this  moment  2130 
Members ;  there  is  no  exploration  of  any  importance  that  can  be  undertaken  through- 
out the  world  without  the  knowledge  and  the  attention  of  this  Society.  Thus  not 
only  are  we  forewarned  of  the  encroachments  of  neighbouring  powers,  should  their 
expeditions  be  pushed  beyond  the  limits  of  necessity,  but  we  form  a  nucleus  for  all 
geographical  information,  should  the  Government  resort  to  us  in  an  emergency. 

I^e  from  all  jealousy  and  above  suspicion,  we  have  this  year  awarded  to  the 
Russian  Admiral,  Boutfucofij  the  Founder's  Gold  Medal,  for  having  been  the  first  to 
launch  a  steamer  on  the  Sea  of  Aral,  and  to  conduct  his  vessel  upwards  of  ICOO 
miles  along  the  course  of  the  river  Jaxartes. 

The  Victoria  Gold  Medal  has  been  conferred  upon  that  eminent  Arctic  voyager. 
Dr.  Isaac  Hayes,  who  by  reaching  the  highest  northern  latitude  hitherto  attained 
(81°  36'),  in  his  arduous  voyage  towards  the  open  Polar  Sea,  has  nobly  sustained  the 
honour  of  America.  Thus  the  year  1867  affords  an  interesting  proof  of  the  unpre- 
judiced patronage  of  the  Society,  as  both  the  Founder's  and  the  Patron's  Medals 
nave  been  bestowed  upon  these  distinguished  foreigners. 

It  is  not  my  intention  to  enter  into  the  details  of  the  geographical  explorations 
of  the  past  year,  that  have  been  so  ably  enlarged  upon  by  Sir  Roderick  Murchison 
in  the  exhaustive  review  contained  in  his  annual  address  of  May  27th ;  but  it  is 
my  duty  to  bring  to  your  notice  those  most  important  geographical  facts  which, 
from  their  recent  occurrence,  claim  our  present  attention.  In  Africa,  we  havo  to 
record  the  noble  expedition  of  Mr.  Gerhara  Rohlf,  who  has  safely  returned  from  lus 
remarkable  journey  across  the  Sahara  fi*om  Tripoli,  via  Ghadames  and  Murzuk,  to 
Kuka,  on  the  shores  of  Lake  Tchad ;  thence  south  to  Benu^,  down  that  stream  to 
its  junction  with  the  Niger,  and  then  across  by  land  to  Lagos  in  the  Bight  of  Benin. 
In  Abyssinia  we  are  about  to  commence  a  military  expedition,  to  which  we  trust 
Her  ftlajesty's  Government  will  attach  a  staff  of  men  of  science  that  may  return 
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with  valuable  results.  The  importance  of  explorations  was  never  more  forcibly 
exemplified  than  in  the  present  instance;  when  a  war  is  about  to  commence  in  a 
wild  country  of  which  the  military  authorities  are  utterly  ignorant,  and  solely  de- 
pendent upon  the  accounts  of  private  travellers.  In  Asia,  we  have  to  remark  upon 
the  extraordinarv  progress  by  the  Russians  in  geographical  enterprize,  who  by  their 
settlements  in  Manchuria  and  explorations  of  the  Khiiika  Lake,  and  the  navigable 
rivers  Usuri  and  Amoor,  are  laying  the  foundations  for  the  future  development  of 
that  hitherto  neglected  portion  of  the  world.  When  we  regard  the  vigorous  steps 
that  have  been  Miopted  oy  Russia  in  Northern  A^ia,  we  turn  with  increased  atten- 
tion to  the  energetic  appeal  of  General  Sir  Arthur  Cotton  for  an  exploration  of  that 
unknown  land  between  the  Burhampooter  and  the  Yang-tze,  with  a  view  to  open 
a  free  communication  between  India,  with  its  200  millions,  and  China,  with  its  400 
millions  of  inhabitants*  In  America  we  devote  increased  attention  to  inter-oceanic 
communication  across  the  Isthmus,  upon  which  interesting  subject  papers  will  be 
read  before  this  Association  by  Lieutenant  Oliver,  on  a  recent  exploration  of  a  new 
route  across  Nicara^a,  under  the  direction  of  that  well-known  and  energetic  ex- 
plorer, Captain  Beoford  Pim. 

No  steiking  geographical  feat  has  been  performed  by  England  during  the  present 
year :  but  the  anxiety  not  only  of  geographers  but  of  Englishmen  of  all  classes  is 

Ednfully  keen  upon  a  subject  of  universal  interest — the  reported  death  of  Dr. 
ivingstone.  It  is  well  known  that  this  eminent  traveller  was  engaged  in  an 
important  exploration,  with  the  intention  of  determining  the  watershed  of  Eastern 
equatoriid  Amca.  His  object  was  to  prove  bv  actual  inspection  whether  the 
Nyassa,  from  which  the  Shir^  flows  to  the  Zambesi,  was  fed  by  a  river  from  the 
north ;  he  was  then  to  reach  the  Tanganika  Lake  of  Burton  and  Speke,  and  prove 
whether  a  river  issued  from  that  lake  towards  the  south,  or  whether  some  river 
fed  that  lake  from  the  south ;  he  was  then  to  navigate  the  Tanganika  to  its 
northern  extremity,  and  prove  whether  it  was  fed  by  a  river  from  the  north,  or 
whether  it  conununicated  with  the  Albert  N'yanza.  With  this  great  journey 
before  him,  Dr.  Livingstone  had  reached  and  crossed  over  the  northern  portion  of 
the  Nyassa,  which  appears  to  have  been  so  shallow  that  the  canoes  were  poled 
across  a  sandy  bed;  this  would  suggest  the  existence  of  some  tributary  of  the 
northern  extremity  of  the  lake  that  in  annual  floods  had  brought  down  the 
deposit. 

Upon  arrival  on  the  western  shore,  he  found  himself  in  the  hostile  country  of 
the  Mazite,  and  during  the  march,  a  few  days  later,  the  party  was  suddenly 
attacked  and  overpowered. 

By  the  report  of  nine  Johanna  men  and  their  leader,  Moosa,  who,  after  great  diffi- 
culties, returned  to  Zanzibar,  it  appears  that  Livingstone  killed  two  of  his  assailants, 
but  was  himself  struck  down  by  the  blow  of  an  axe  on  the  back  of  the  neck, 
Moosa  and  the  Johanna  men  had  concealed  themselves  in  a  thicket,  but  after  dark 
they  ventured  to  the  scene  of  the  recent  conflict,  and  discovered  the  body  of  Liv- 
ingstone with  those  of  several  of  their  own  party  and  two  of  the  enemy.  They 
scraped  a  hole  in  the  earth  and  buried  the  Ixxiy  of  our  lamented  traveller. 

Tnis  happened  in  about  August  1866 ;  we  have  therefore  been  twelve  months 
without  further  tidings.  There  are  some  persons  (among  others,  my  highly 
honoured  and  much-loved  friend  Sir  RodericK  Murchison)  who  still  cling  to  the 
hope  that  Livingstone  is  alive,  and  that  the  story  of  the  Johanna  men  is  false,  and 
merely  a  lame  excuse  for  the  desertion  of  their  master. 

The  fate  of  Livingstone,  our  common  friend,  of  whom  we  are  all  justly  proud,  is 
so  intensely  interesting,  that  I  may  be  excused  for  expressing  my  gloomy  opinion : 
I  believe  hi  in  to  be  dead. 

Those  who  still  hope,  cling  to  the  fact  that  the  Johanna  men  are  renowned  aa 
liars,  and  that  they  have  trumped  up  a  story  to  excuse  their  return.  It  is  this  very 
fact  of  their  power  of  consummate  lying  that  convinces  me  of  the  substantial  trutn 
of  their  statement.  Natives  are  scientihc  liars ;  they  do  not  lie  absurdly,  like  Euro- 
peans, but  they  concoct  their  falsehoods  with  such  forethought,  that  the  lie  itself  is 
an  example  of  profound  skill.  No  native,  that  I  have  ever  seen,  would  commit  him- 
self to  so  inartistic  a  lie  as  to  declare  to  be  dead  a  man  who  is  still  aHve,  who  would 
become  a  witness  at  a  future  time  against  him.    Should  natives  intend  to  desert 
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their  maater;  they  invariably  plead  ezcofles  that  cannot  be  proved  to  be  fidse^  mieb  as 
sickness,  or  pretended  lameness,  that  incapadtates  them  from  maiching ;  but  the 
hardihood  or  the  Johanna  men  in  committing  themselves,  by  the  confession  of  their 
cowardice,  is  a  surprising  instance  of  veracity  that  could  only  have  been  prompted 
by  the  urgency  of  the  calamity.  To  confess  the  death  of  the  master  ia  the 
extreme  of  moral  courage,  as  a  native  would  dread  the  suspicion  that  might  &I1 
upon  him  as  the  murderer;  therefore  the  story  of  poor  Livingstone's  murder, 
although  difiering  in  details,  as  described  to  various  people  by  Moosa,  I  thorooehly 
believe  to  be  substantially  correct ;  and  this  beUer,  I  regret  to  say,  is  shared  by 
Dr.  Kirk,  our  Vice-Consul  at  Zansibar,  who  was  Livingstone's  former  companion  on 
the  expedition  to  the  Nyassa. 

With  this  sad  conviction  that  Livingstone  has  passed  away  for  ever,  and  that 
his  bones  now  lie  beneath  that  fatal  soil  of  Africa  that  has  been  his  glonous  stage, 
I  can  only,  as  a  fellow  traveller  in  the  rough  path  of  African  research,  exdi^ : 
— ''  Peace  to  his  memory  t  honour  to  those  remains  that  moulder  in  the  dust,  a 
sacrifice  to  philanthropy  in  that  distant  and  hopeless  field,  where  the  band  of 
friendship  is  spurned,  and  where  a  murderous  stab  is  the  reward  for  Christian 
enterprise  1 "  There  is  no  stone  to  mark  the  spot  where  tiie  sreat  traveller  lies : 
but  as  a  gallant  sailor's  corpse  is  given  to  the  waves,  and  rests  m  death  within  tiie 
element  with  which  in  life  he  struggled,  so  rests  the  body  of  our  tired  pilgrim, 
covered  with  the  soil  of  Africa,  as  with  a  fiag  that  enfolded  him  in  victory.  His 
name  will  never  die,  but,  deeply  graven  on  the  hearts  of  all  mankind;  it  will  descend 
in  history. 

And  now,  before  I  close  this  address,  I  must  refer  with  pride  and  satisfaction  to  the 
vigour  and  alacrity  that  has  been  exhibited,  not  only  by  the  Royal  Geographical 
Society,  at  the  earnest  instance  of  our  sterling  President  Sir  Kooerick  Munmison, 
but  also  by  Her  Majesty's  Government,  in  despatching,  without  a  moment's  unne- 
cessary delay,  an  expedition  to  Eastern  Africa  to  investigate  the  fate  of  Living- 
stone. Should  he  be  no  more,  the  arrival  of  an  armed  expedition  in  his  search 
will  be  a  lesson  to  the  savage  tribes  that  no  Englishman  can  oisappear  without  an 
inquiry  into  the  cause ;  and  ffood  service  will  be  done  to  geoffrapny  by  the  party 
imder  Mr.  Young,  who,  provided  with  a  steel  boat,  will  be  able  to  decide  whether 
the  Nyassa  is  fed  by  a  river  from  the  north. 

The  most  interesting  African  problem  yet  remains  to  be  solved.  Within  the 
last  few  vears  we  have  determined  the  great  reservoirs  of  the  Nile,  and  we  have 
proved  tnat  the  river,  hitherto  so  mysterious,  is  the  offspring  of  two  great 
causes — the  vast  equatorial  reservoirs  the  Victoria  and  Albert  Lakes,  and  the 
sudden  rains  of  Abyssinia  that  in  July,  Au^ist,  and  September  cause  the 
inundation  in  Lower  Egypt :  that  portion  of  the  question  i  shall  shortly  pub- 
lish as  the  '  Nile  Tributanes  of  Abyssinia.'  But  although  the  mystery  of  ages  is 
solved,  much  remains  to  be  explored.  We  know  but  a  portion  or  those  immense 
reservoirs ;  and  geographers  will  not  remain  content  with  the  bare  fact  that  the 
Nile  issues  fr<om  those  lakes ;  but  England,  that  has  untied  the  knot,  must  gather 
in  the  extremity  of  the  line.  The  death  of  Livingstone  is  a  fearitd  drag  upon  the 
wheel  of  African  exploration.  There  are  many  as  brave,  many  as  adventurous;  but 
there  are  few  who  combine  the  Qualifications  of  patience  and  endurance  that  are 
so  sorely  needed  in  that  most  difficult  of  all  thorny  paths, ''  African  research." 
Still  we  must  not  despair :  we  have  of  late  years  acquired  an  ally  that  is  the  grand 
supporter  of  geopapnical  exploration,  a  supporter  that  assists  us  through  paths 
that  were  closed  before  the  providential  aid  appeared  *j  and  in  those  swamps  whose 
fatal  malaria  slew  with  infernal  certainty  the  brave  and  daring  explorers  of  former 
times,  quinine  is  the  guard  and  faithful  escort  of  the  traveller.  Armed  with  this 
cuirass,  we  can  penetrate  through  countries  hitherto  impassable.  The  advancement 
of  science  has  so  far  practically  augmented  the  power  to  civilize,  that,  with  drugs 
hitherto  unknown,  conveniences  that  preserve  the  traveller  from  the  vicissitudes  of 
climate,  such  as  waterproofs  &c.  &c.,  fire-arms  of  deadly  precision,  astronomical 
instruments,  steel  and  india-rubber  boats  of  infinite  variety,  not  only  can  we  puih 
through  obstacles  that  were  formerly  insurmountable,  but  we  can  return  with 
scientific  results,  and  leave  behind  us  in  tibose  savage  countries  a  path  and  intro* 
duetion  for  future  travellera. 
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But  even  when  these  facilities  are  absent,  there  is  one  oreat  qualitv  that^if  life 
remains,  may  overcome  all  difficultiesi  a  quality  for  whicni  I  Uust,  Qreat  Britidn 
will  eyer  be  renowned — *^  determination,^^  When  we  met  Spake  and  Grant  (the 
Englishman  and  the  Scotchman)  at  Gondokoro,  they  had  nothing  except  ffuns, 
ammunition,  beds,  and  quinine;  and  still  they  had  overcome  all  dimciUties, 
When  my  wife  and  I  returned  two  years  later  to  the  same  spot,  we  had  had 
no  quinine  for  eiffhteen  months,  our  steel  boat  had  been  our  large  eponginff" 
hath,  our  india-rubber  floats  had  been  it^ated  goat9kim\  and  nevertheless  Wf 
are  here  now,  thanks  to  the  guidance  of  a  Divine  Providence  1 

But,  next  to  Providence,  there  is  a  support  to  which  an  English  traveller  clings 
when  far,  far  away  from  civilization,  in  countries  unknown  and  trackless.  He  may 
he  in  misery  and  helpless,  he  may  have  lost  all  hope  of  return,  and  sickness  may 
have  stricken  him  to  the  margin  of  his  ffrave ;  but  as  his  last  thoughts  wander 
towards  all  those  left  hehind,  and  he  weigns  the  fiital  end  against  the  results  of  his 
mission,  of  one  thing  he  feels  certain : — ^His  Government  may  ignore  him,  friends 
mav  forget  him,  but  the  Boyal  Geographical  Societv,  with  Murchison  at  the  head, 
will  never  forsake  him ;  if  dead,  he  will  be  sought  for ;  and  should  he  return  aUvei 
their  apnrobation  of  his  labours  will  be  his  great  reward. 

Connaent  in  this  support,  the  hardy  pioneers  of  Great  Britain  will  flock  to  the 
thinned  ranks  of  the  explorers.  Speke  lies  buried  in  his  native  village*ohurch  ] 
Livingstone,  we  fear,  lies  far  away;  hut  the  monument  we  raise  to  these  brave 
men  will  be  the  startiniar-point  for  others,  who  may  equal  their  great  deeds.  And 
should  the  traveller  Ml  m  the  noble  task,  and  die  m  a  lonely  and  distant  land,  if 
no  friendly  voice  be  near  to  bid  farewell,  he  still  will  have  a  consolation :  in  the 
lost  hour,  a  spirit  will  whisper  these  words  of  comfort  to  his  soul,  '^  England 
expects  that  every  man  will  do  his  duty  1 " 


Notes  of  a  Reconnaissance  of  some  Portions  of  Palestine  made  in  1866-66 /or 
the  Palestine  Exploration  Fund,     By  Lieut.  Aitdsbsoit,  R,K 

The  reconnaissance  survey  commenced  at  Baneas,  near  the  source  of  the  most 
important  tributary  of  the  Jordan.  The  latitude  was  carefully  fixed,  the  position 
of  the  junction  of  the  Jordan  and  Baneas  streams  determined,  and  the  places  con* 
nected  Dy  compass-bearings.  A  base  was  thus  obtained  on  which  to  frame  the 
triangulation  to  the  mountains  on  both  sides  of  the  valley.  From  Baneas  an  asi« 
mutb  line  was  observed  to  a  prominent  peak  about  ten  miles  distant  on  the  west 
side  of  the  vallev,  and  the  latitude  of  the  survey  camp  at  the  village  of  Hunini 
near  the  peak,  determined.  From  Hunin  the  watershed  was  follow^,  which  foi 
topop^ranhical  reconnaissance  afforded  great  facilities,  as  a  clear  view  was  always 
obtamea  to  great  distances  east  and  west,  and  all  important  places  visible  witmn 
eight  or  ten  miles  were  fixed  hy  triangulation.  The  next  camp  was  fixed  at  Kedes. 
and  connected  with  that  of  Hunin  by  an  azimuth  line.  The  survey  tiien  removed 
to  the  village  of  Alma,  overlooking  the  lake  of  Huleh,  eighteen  miles  distant 
from  Baneas,  and  the  line  of  azimuths  connected  hence  with  the  watershed  of 
Kcfr  Birim.  Explorations  were  made  to  the  north,  twelve  or  fifteen  miles,  and  idl 
mountain-tops  and  villages  within  access  visited  and  surveyed.  To  the  south  of 
Kefr  Birim  the  culminating  highlands  of  Upper  Galilee,  which  had  never  been 
previously  examined,  were  thoroughly  exploreoL  From  Jebel  Jurmuk,  about  4000 
feet  above  the  sea-level,  Cape  Carmel  could  be  distinctly  seen.  The  next  camp 
was  pitched  at  Safed.  Safed  Castle  has  a  most  extensive  view  in  every  direction, 
except  north-east,  where  a  hill  200  feet  higher  intervenes.  A  triangulation  and 
siurvey  of  the  whole  of  the  Sea  of  Galilee  and  adjoining  mountains  was  next  made. 
The  reconnaissance  was  extended  ahout  eight  miles  to  the  westward  to  the  viUa^ 
of  Ailaboon,  and  proceeding  southward,  embraced  the  country  over  which  the 
Crusaders  made  their  disajatrous  march  from  Sepphoris  to  Kum  Hattin.  From 
Nazareth  Wely  a  view  was  obtained  over  the  beautiful  plain  of  Esdraelon,  and  ob« 
servations  made  to  ninny  points,  including  others  to  Mount  Ebal,  thirty-five  miles 
further  south.  As  far  south  as  Jeuin  the  watershed  was  explored  and  mapped  out 
to  the  bend  of  the  Leontes,  about  sixty  miles  distant  in  a  straight  line.  The 
yratershed  to  the  eastward  of  Nablua  had  not  yet  been  explored  by  any  tmrellen- 
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The  survey  of  the  watershed  was  commenced  again  a  little  north  of  Mount  Ebal, 
and  explored  continuously  as  far  as  Jerusalem,  which  is  situated  itself  on  the 
main  watershed  of  the  country.  The  reconnaissance  was  extended  through  the 
Bedouin  country  to  the  Jordan,  and  the  much-disputed  position  of  Jisr  iJamieh 
connected  with  the  sites  previously  fixed.  The  country  to  the  eastward  of  Nablus 
WAS  visited  and  mapped ;  Jebel  Azur,  Mount  Qerizim,  Mount  Ebal,  and  Kum  Tur- 
tabeh  were  also  connected  with  the  survey ;  and  it  was  finally  protracted  to  Jafik, 
thus  establishing  a  connexion  between  this  place  and  Baneas. 

On  the  Lagoons  of  Corsica,    By  Prof.  D.  T.  Ansted,  F,RJ5. 

The  eastern  coast  of  Corsica  is  the  most  malarious  district  in  the  Mediterranean ; 
but  this  has  only  been  the  case  within  the  historic  period.  2000  years  ago  there 
was  a  defensible  town  on  the  coast  called  Aleria,  and  120  ^ears  later  a  Roman 
colony  was  established  there,  the  seat  of  a  large  trade.  This  continued  and  the 
coast  was  inhabited  till  the  Middle  Ages,  when  the  pirates  of  the  Mediterranean 
forced  the  inhabitants  back  into  the  hills.  In  the  early  part  of  the  sixteenth  cen- 
tury the  plains  ceased  to  be  habitable,  and  they  have  never  since  been  without 
deadly  mfdaria  in  the  summer.  Mariana,  another  ancient  and  mediaeval  colony 
near  the  lagoon  of  Biguglia,  had  also  been  deserted.  To  the  north  of  the  sites  of 
both  these  ancient  towns  extends  a  lagoon,  formerly,  in  all  probability,  an  open 
bay.  The  fine  sand  and  mud  of  the  rivera  and  watercourses  are  carried  towards 
the  north,  and  form  a  bar  or  waU  of  sand  in  advance  of  the  coast.  Behind  this  bar, 
wherever  there  are  torrents  between  the  rivers,  a  pool  or  lagoon  is  formed — ^these 
torrents  not  being  able  to  keep  open  a  channel  to  the  sea.  But  a  communication 
must  be  kept  up,  partly  to  enable  the  surplus  waters  to  escape  to  the  ocean  during 
winter,  ano^ partly  to  admit  the  sea  to  the  pool  when,  during  summer,  the  contents 
are  evaporated.  Meanwhile  all  the  organic  matter  brought  down  by  the  torrents 
is  retamed  in  the  lagoon,  decomposes  there,  and  is  converted  into  miasmatic 
vapour.  So  long  as  uiere  is  free  communication  to  the  sea  there  is  no  malaria ; 
but  when  the  laffoon  is  formed  malaria  sets  in.  The  lagoon  of  Biguglia  extends 
8  miles  towards  the  north ;  its  greatest  width  is  about  1^  mile.  The  wall  or  bank 
separating  the  lagoon  from  the  sea  is  from  900  to  400  yards  wide,  and  its  height 
is  about  9  feet  above  the  level  of  the  Mediterranean.  There  are  two  cuts,  which 
are  now  filled  up.  The  deepest  part  of  the  lagoon  is  10  feet,  and  much  of  it 
is  not  more  than  3  feet.  The  water  is  nearly  fresh  in  winter,  and  everywhere 
brackish  in  summer.  The  lagoon  receives  the  drainage  of  45,000  acres,  and  con- 
tains itself  4800  acres.  The  quantity  of  rain  aver^es  24  inches  por  annum,  of 
which  6  inches  fall  in  November  and  4  inches  in  October.  More  tluiu  2  inches 
has  fetUen  in  24  hours,  nearly  4  inches  in  a  week,  and  about  12  inches  iu  4  weeks. 
From  a  consideration  of  these  measurements,  it  is  evident  that  the  lagoon  might 
rise  6  inches  in  24  hours,  and  as  much  as  3  feet  in  a  month,  if  it  were  not  for  the 
outlet  to  the  sea :  a  channel  will  thus  always  be  kept  open.  2000  years  ago  the 
mud  and  sand  of  the  Golo  had  not  foimed  a  bar  in  front  of  the  bay,  the  shore  of 
which  was  within  the  inner  shore  of  the  lagoon.  There  was  no  effectual  barrier 
preventing  the  waters  of  the  torrents  reaching  the  sea  until  three  centuries  ago. 
Thus  within  1700  years  there  has  been  commenced  and  completed  a  bank  of  sand 
7  miles  in  length,  a  quarter  of  a  mile  wide,  and  about  15  feet  hio^h — ^the  result  of 
two  rivers,  the  Golo  and  the  Bevinco.  The  deposit  is  equivalent  to  about  75 
grains  of  solid  matter  deposited  on  an  average  by  each  gallon  of  water.  There  is 
no  evidence  of  any  elevation  of  land  within  the  recent  or  historic  period  that  can 
explain  the  change  that  has  taken  place.  It  is  evident  that  the  If^^oon  has  been 
formed  by  the  accumulated  sands  and  mud,  and  that  the  malaria  is  due  to  the 
closing  of  the  lagoon.  It  is  in  the  highest  degree  desirable  that  these  lagoons 
should  be  got  ria  of  or  rendered  innocuous.  This  can  be  done,  in  the  lagoon  of 
Biguglia,  by  separating  the  area  into  two  unequal  parts.  The  larger  area  might  be 
drained  bv  pumping,  at  a  moderate  cost,  and  kept  dry  by  the  same  machinerv 
occasionally  used ;  part  of  the  smaller  area  might  be  converted  into  the  channel 
of  the  Bevmco,  and  the  rest  drained  by  inexpensive  machinery.  The  redeemed 
lands  would  be  of  great  value ;  but  the  principal  result  would  be  felt  in  the  im- 
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.provement  of  the  Banitary  state  of  the  adjoininjg^  districts.  The  experience  of  Mr. 
Bateman  in  Minorca  seems  to  prove  that  malaria  may  be  removed  by  the  drainage 
of  lagoons^  and  the  surrounding  population  raised  thereby  from  their  present  state 
of  apathy  and  stagnation.  

On  Wahnsch  Bay  and  the  Ports  of  South-  West  Africa. 
By  Thomas  Baines,  F,E.G.S. 
The  im]f  ortance  of  Walvisch  Bay  is  due  to  its  being  the  best  harbour  on  this  part 
of  the  Afncan  coast,  and  to  the  existence  of  mines  of  copper  in  the  neighbouring 
interior.  It  lies  in  lat.  22°  27'  S.,  and  comprises  the  estuary  of  the  Kiusip  river. 
where  there  is  well-sheltered  anchorage  for  vessels  of  almost  any  size.  So  aria 
and  sandy  is  the  climate,  that  the  river  contains  water  only  during  a  few  weeks  of 
the  rainy  season,  and  fresh  water  for  consumption  is  obtained  by  rolling  casks  from 
Sand  Fountain,  four  miles  distant.  The  country  in  the  vicinity  is  peopled  by 
Namaqua  Hottentots  and  Damaras.  The  value  of  British  imports  one  year 
amounted  to  £250,000,  and  the  author  advocated  the  establishment  of  a  com- 
missioner in  the  port,  authorized  to  hoist  the  British  flag,  regulate  the  commerce 
of  the  place,  and  settle  questions  that  arise  between  the  traaers  and  the  natives. 
The  country  abounds  witn  cattle,  which  might  become  objects  of  a  large  export 
trade.  The  copper  found  is  a  rich  heavy  ore,  greenish  or  dark  purple ;  but  some- 
times bolts  of  pure  native  copper  are  met  with.  628}  tons  of  copper  were  shipped 
during  the  month  of  May  1867.        ' 

Exploration  of  Beloochistan  and  Western  Scinde,  with  a  view  to  examining  the 
Subterranean  Supply  of  Water,     By  J.  W.  Babses. 

The  author  commenced  his  operations  at  a  place  about  eight  miles  north-east  of 
Kurrachee,  where,  after  some  weeks'  labour,  he  succeeded  in  piercing  the  first 
water-bearing  strata,  when  the  water  rushed  up  and  overflowed  the  siir&ce,  con- 
tinuing, without  intermission,  to  the  present  time.  Water  was  obtained  at  other 
places  in  the  arid  country,  and  springs  were  visited  which  are  from  60  to  800  feet 
above  the  valleys.  Witn  this  evidence  of  subterranean  water,  we  are  bound  to 
inquire  where  is  the  source.  Originally,  of  course,  it  is  derived  from  rain  or  snow. 
The  desert  country  of  Scinde  is  often  spoken  of  as  destitute  of  rain.  The  rainfall 
averages,  indeed,  only  4  inches  per  annum ;  but  if  we  glance  at  a  map  of  Asia,  we 
observe,  between  the  eastern  borders  of  Persia  and  the  western  boundary  of  the 
Scinde  and  Punjab  valleys,  a  tract  of  country  330,000  square  miles  in  extent,  with 
a  mountainous  and  humid  area,  from  3000  to  12,()00  feet  above  the  sea-level,  from 
which  a  considerable  subterraneous  supply  of  water  must  be  derived.  Granting  an 
average  annual  rainfall  of  3*75  inches  over  this  area,  and  as  we  know  that  in  every 
country  a  portion  of  the  rainfall,  estimated  from  one-third  to  one-twelfth,  perco- 
lates and  is  absorbed  by  the  permeable  strata,  there  is  room  for  a  strong  inference 
that  a  vast  body  of  water  is  available  over  the  whole  of  the  region,  between  the 
thirtieth  parallel  of  latitude  and  the  Indian  Ocean.  It  is  recorded  by  navigators 
that  large  springs  of  fresh  water  burst  up  through  the  sea  in  the  neighbourhood  of 
Cape  Ormuz.  The  formation  of  this  part  is,  undoubtedly,  tertiary ;  and  the  stra- 
tification of  the  hills,  where  not  horizontal,  generally  inclines  either  to  the  east- 
ward or  southward. 

A  Boat'joitmey  across  the  North  end  of  Formosa  from  Tam-suy  to  Kelung, 

By  Dr.  CoLLiyowooD,  M.A,,  F.L.S, 

This  paper  gave  an  account  of  the  towns  of  Hoo-wei  (or  Tam-suy)  on  the 
north-west  coast  of  Formosa,  and  a  treaty-port ;  of  Banffka,  an  interior  town,  the 
capital  of  that  part  of  the  island ;  and  of  Kelung,  another  treaty-port,  upon  the 
north-east  coast.  The  journey  was  made  by  way  of  the  Tam-suy  river,  passipw 
the  towns  of  Kan-tow,  Pah-chie-nah,  Sik-kow,  Chuy-teng-cha,  to  Kelung;  and 
the  author  described  the  chief  features  of  the  fauna  and  flora  noticed  on  the  way. 
He  also  entered  particidarlv  into  the  characteristics  of  the  native  population,  their 
occupation,  characters,  ana  general  economy. 

1867.  8 
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On  the  Coasts  of  Vaneouvet^a  Island^  British  CcHwaibiay  and  Russian  America^ 

By  P.  N.  CoMPTON. 

The  author  described  the  physical  outlines  of  the  coast-region  of  these  countries^ 
visited  by  him  during  eight  years'  service  in  the  Hudson's  fiay  Company,  at  Van- 
couver's Island.  The  most  marked  feature,  between  the  straits  of  De  Fuca  and  the 
fifty-ninth  parallel  of  latitude,  is  the  numerous  long  inlets  in  the  rocky  precipitous 
coasts.  They  run  generally  in  a  north-easterly  direction,  and  vary  in  length  from 
thirty  to  seventy  miles.  The  scenery  in  most  of  these  inlets  is  grand  in  the  ex- 
treme :  every  few  miles  cascades  of  water  leap  down  the  lofty,  rocky  sides,  pro- 
ceeding from  the  melting  snows  of  the  peaks  tnat  tower  up  a  short  distance  in  the 
interior.  An  enumeration  of  these  inlets  was  ^vcn,  together  with  a  more  detailed 
description  of  several  of  them.  It  is  a  curious  feature  that  none  of  the  large 
rivers  of  these  countries  discharge  themselves  into  these  deep  inlets.  Lynn^s 
canal,  in  Russian  America,  has  large  glaciers  in  its  valleys,  extending  to  the  sea- 
shore, from  which  they  are  separated  sometimes  only  by  a  belt  of  trees.  The 
dimate  here  is  verv  severe ;  ana  the  author  has  seen,  in  the  month  of  May,  4  feet 
of  snow  dose  to  tne  sea-level.  This  inlet  is  one  of  the  longest  on  the  coast,  ex- 
tending inland  about  seventy  miles ;  but  it  averages  only  about  two  miles  in  width. 
The  climate  of  Russian  America  is  extremely  severe ;  it  is  doubtful  if  any  crop 
but  potatoes  could  be  raised  on  its  poor  soil,  and  the  amount  of  available  land  is 
very  limited.  _ 

On  the  Antiquity  of  Man.     By  Johit  CaAWFUKD,  F,R.S. 

Considerations  were  adduced  b^  the  author  of  this  paper  in  support  of  the  view 
hat  the  period  embraced  by  architectural  and  other  records  of  the  most  ancient 
nations  torms  but  a  small  portion  of  ^e  time  that  has  elapsed  since  man's  first 
appearance  on  the  earth.  Trom  the  time  in  which  he  acquired  the  skill  to  frame 
such  records,  we  have  to  trace  him  back,  over  the  many  stages  he  had  to  pass 
through,  up  to  the  discovery  of  his  remains  in  caves,  and  even  of  those  of^his 
handiwork  in  the  most  recent  geological  formation,  the  '*  drift"  The  localities, 
moreover,  which  were  favourable  to  the  development  of  a  people  sufficiently  ad- 
vanced to  produce  enduring  records  of  their  existence  are  few  in  number.  To  tnce 
man's  existence  up  to  its  earliest  date,  according  to  the  author's  view,  we  must  go 
beyond  this,  to  the  time  when  he  was  without  speech,  ignorant  of  eveiy  art^  and^ 
like  the  lower  animals,  chiefly  guided  by  instinct. 

On  the  History  and  Migration  of  Sacehiferoua  or  Sugar^yieJding  planis  in 
rrference  to  Ethnology.    By  Johk  Crawpukd,  F.B,S, 

On  the  Animal  and  Vegetable  Food  of  the  Aborigines  of  Australia. 

By  John  Crawftjbd,  F.R.8. 

On  the  supposed  Plurality  of  the  Races  of  Man.    By  Johk  Cbawfusd,  FM.S. 

On  the  supposed  Aborigines  of  India,  as  distinguished  from  its  OiviUred 

Inhabitants.     By  Jomsf  Cbawfubd,  F.RjS. 

On  the  Completion,  Hair,  and  Eyes  as  Tests  of  the  Races  of  Man, 

By  John  Crawftjbd,  F.R.S. 

On  the  Dissemination  of  the  Arabian  Race  and  Language* 

By  John  Cbawfubd,  F.R.S. 

Arabia,  from  one  extremity  to  another,  is  inhabited  by  a  single  race  of  man, 
apparentlv  its  aborigines.  The  physical  ^ography  of  their  country  must  have  early 
divided  the  Arabs  into  two  usually  distinct  classes — ihe  nomadic  shepherds  for  the 
desert,  and  the  fixed  agriculturists  for  the  less  sterile  part  of  the  countiy.  Had  the 
people  of  Arabia  been  African  negroes,  or  Malays,  or  even  Hindoos,  we  may  safely 
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believe  that  in  their  inhospitable  land  they  would  never  have  attained  even  the 
modest  measure  of  advancement  they  have  exhibited,  but,  on  the  contraiy,  would 
have  remained  in  the  sava^  condition  of  some  AMcans,  or  Red  Indians^  whose 
condition  was  iai  more  auspicious.  But  the  Arab  is  of  higher  intellectual  qualily 
.  than  any  other  race  of  Asia,  in  many  respects  not  being  surpassed  even  oy  the 
Chinese ;  and  this  superiority  is  evinosd  by  the  predominance  they  exercise  when 
thev  come  into  contact  with  any  of  the  other  races  of  Asia.  At  some  very  remote 
ana  unknown  time,  a  settlement  of  Arabs  took  place  in  the  neighbouring  country 
of  Svria,  the  evidence  of  whch  is  the  existence  m  Hebrew  of  many  Arabic  words. 
With  this  obscure  exception,  the  lon^  isolation  of  the  Arabs  continued  down  to 
the  time  of  Mohammed.  Under  the  inspiration  of  the  religion  of  ti^eir  prophet^ 
they  left  their  own  country,  and  at  once  commenced  a  career  of  conquest  wnich, 
for  rapidity,  durability,  and  extent  has  no  parallel.  Transplanted  to  better  lands 
than  tneir  own,  the  Arabs  appear  to  have  improved  or  fallen  off,  chiefly  in  propor- 
tion to  the  quaHty  of  the  race  with  which  they  commingled.  They  became  oeterio- 
rated  amonffst  the  Syrians  and  Eg^tians,  and  their  greatest  social  advancement 
was,  probaoly,  when  they  came  into  contact  with  a  European  people  in  the 
Spanish  peninsula.  It  was  in  foreign  countries  only  that  they  maae  advance  in 
civilixation.  Their  literature  and  their  architecture  all  sprang  up  in  foreign  coun- 
tries. They  were  not  themselves  discoverers  or  inventors,  and  the  benefit  they 
conferred  on  mankind  consisted  onlv  in  their  being  the  agents  through  which  the 
discoveries  and  improvements  of  otner  nations  were  widety  disseminated.  It  was, 
for  example,  through  their  active  mediation  that  the  arts  of  distillation  and  paper- 
making  (Chinese  inventions)  reached  Europe ;  and  the  western  world  owes  to  tnem 
the  introduction  of  many  useful  plants,  as  rice,  cotton,  the  sugar-cane,  the  opium- 
poppy,  the  orange,  and  the  melon.  Tne  number  of  Arabic  words  introduced  into 
foreign  languages  varies  with  the  influence  exercised  by  the  religion  of  the  Arabs, 
and  uie  capacity  of  the  people  to  comprehend  it.  The  language  has  nowhere  but  in 
Syria,  Egypt,  and  Barbary  made  any  approach  to  the  supercession  of  the  native 
imoms  of  countries  conquered  by  the  Arabs.  The  great  disparity  which  existed 
between  the  manners,  habits,  and  pronunciation  of  a  European  and  an  Asiatic 
people  made  the  number  of  Arabic  words  introduced  into  tne  Spanish  language 
comparatively  inconsiderable,  and  their  corruption  great,  although  the  power  of 
the  Arabs  in  the  Spanish  peninsufa  endured^  irom' first  to  last;  778  yearsL 

Life  amongst  ihe  Veys,    By  H.  C.  Cbiswicx. 

On  the  Character  of  the  Negro,  chiefly  in  relation  to  Industrial  Hahiis, 

By  Dr.  John  Davt,  F,R.8. 

In  this  paper  the  chief  object  of  its  author  was  the  vindication  of  the  Negro, 
who,  he  beueves,  has  been  unjustly  considered  a  sluggard  and  inveterately  idle. 

The  argument  used  is  of  two  kmds :  one  is  founded  on  the  organization  of  the 
African,  exoellentlv  fitted  forwork^  indeed  the  very  cause,  under  a  mistaken 
humanity,  of  his  first  importation  mto  the  West  Indies,  with  the  vain  hope  of 
preserving  the  feebler  and  cruelly  worked  natives. 

The  otner  (resting  on  experience),  a  very  extensive  experience,  proving  that 
with  equal  motives  to  be  industrious,  the  neg^o  is  not  inferior  to  the  white  man 
in  industry. 

The  author  adduces  instances  of  conduct  on  the  part  of  negro  labourers  that 
would  be  highly  creditable  to  Europeans  in  the  same  condition  of  life. 

He  concludes  with  the  expression  of  belief  that  such  peculiarities  as  belong  to 
the  negro,  as  colour  of  skin,  quedit^  of  hair,  &c.,  are  of  a  kind  suitable  to  nim 
in  his  native  climate,  and  beneficial  under  a  tropical  sun  and  in  a  malarious 
atmosphere,  and  not  of  a  nature  to  allow  of  his  being  considered  either  as  a 
distinct  or  inferior  variety  of  the  great  human  family.  And  further,  that  he  is  as 
capable  as  the  white  man,  under  continued  education,  in  favourable  circumstances, 
and  freed  from  the  curse  of  slavery,  of  becoming  civilized,  and  of  making  pro- 
gress in  the  liberal  arts  and  sciences.  One  fact  is  dwelt  on  as  of  a  very  promising 
kind,  viz.  that  those  tribes  in  the  fiar  interior,  mountainous  xegions  of  Africa. 

8* 
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where  slaveiy  has  leasi  prevBiled^  and  where  the  climate  and  soil  are  good,  are 
most  adyanced,  probably  as  much  so  in  civilization  and  the  useful  artsi  such  as 
the  working  of  iron  &c.;  as  were  the  ancient  Britons  about  the  time  of  the  first 
Boman  invasion. 

On  Explorat{(m  in  Palestine,   By  Ctbil  Gbahaic,  F.B.0,S. 

An  Association  was  formed  two  years  ago  for  the  purpose  of  exhaustively  ex- 
ploring the  Holy  Land.  The  first  announcement  of  its  object  was  met  by  surprise, 
that  such  a  worx  had  still  to  be  executed.  Had  not  the  scores  of  travellers,  it  was 
asked,  who  annually  traverse  Palestine,  brought  all  the  information  that  could  be 
desired  P  fiat  ninety-nine  out  of  every  hundred  of  these  rigidly  follow  the  same 
track,  and  hurty  home  without  adding  an  atom  to  our  knowledge. 

Wnat  is  proposed,  in  the  first  place,  is  a  triKonometrical  survey  on  a  large  scale, 
in  which  every  village  and  every  mound  which  marks  the  site  of  what  once  was  a 
village,  every  glen,  every  scar,  every  spring,  every  feature,  be  it  ever  so  small,  of 
presumptive  miportance  shall  be  delineated. 

llien  we  wish  to  know  the  materials  of  which  old  Hermon  and  the  Lebanon  are 
composed;  the  fossil  remains  of  ancient  creatures  imbedded  in  their  sides ;  the  na- 
ture of  the  soils;  all  the  trees  of  the  mountains;  all  the  flowers  of  the  plains  which 
cover  the  land  as  a  carpet  in  the  spring  of  the  year ;  aU  the  fishes  of  the  Sea  of 
Tiberias ;  all  the  phenomena  of  that  most  remarkable  of  basins  the  Dead  Sea.  We 
want,  too,  a  catalogue  of  the  beasts  and  reptiles,  in  which  the  crocodile  will  appear, 
—of  the  birds,  of  tne  butterflies,  of  the  beetles,  and  the  smaller  entities  of  creation, 
in  all  their  varieties.  In  short,  we  want  that  book  rewritten,  which  has  not  been 
transmitted  to  this  day,  composed  by  a  master  of  science  3000  years  ago,  which 
treated  of  plants,  from  the  hyssop  that  is  on  the  housetop  to  the  cedar  that  is  upon 
Lebanon,  and  oi  the  birds,  and  the  beasts,  and  the  creeping  things,  and  the  fishes  of 
that  land. 

Afpain,  if  we  turn  towards  the  East,  to  the  other  side  of  Jordan,  there  is  seen  a 
spacious  field  for  future  labour, — ^Moab,  barren  and  wild ;  Gilead,  with  its  forests, 
•nd  Bashan,  with  its  cities  walled  and  unwalled,  from  which  the  Children  of  Israel, 
by  divine  help,  expelled  the  Bephaim.  Edrei  and  Salcah  were  the  limits  of  Og*s 
kingdom.  Edrei,  entrenched  in  a  labyrinth  of  rocks,  is  a  stronghold  which  womd 
stUltask  the  unaided  arm  of  man  to  conquer ;  the  castle  of  Salcah  on  the  southern- 
most spur  of  the  hiUs  of  Bashan  commands  to  this  day  the  approach  to  the  old 
kingdom  from  the  east,  and  the  descendants  of  the  Oaks,  which  excited  the  admira- 
tion of  the  sacred  writers,  have  never  ce.ased  to  cling  to  the  range  which  their 
ancestors  adorned. 

In  the  heart  of  Bashan  lies  Argob,  that  curiosity  of  geology,  a  mass  of  once 
molten  matter,  tossed  and  torn  and  twisted  and  upheaved,  resembling  more  nearly 
the  appearance  of  the  moon,  as  revealed  to  us  by  Lord  Rosse's  telescope,  than  a 
condition  of  things  on  the  earth. 

Beyond  the  mountains  which  form  the  barrier  of  Bashan,  a  duplicate  occurs  of 
this  work  of  the  convulsion  of  nature,  and  groups  of  towns,  scattered  over  the  plain, 
these  many  ages  desert  and  desolate,  remain  as  monuments  of  the  profi<nency  in 
more  than  one  art  of  a  very  early  period. 

The  author  in  conclusion  said,  "I  feel  that  this  great  congress,  which  has  met  to 
consider  the  modes  in  which  human  research  mav  be  best  conducted,  will  hardly 
reauire  of  me  an  apolo^  for  introducing  to  it,  ana  begging  for  it  the  right  hand  of 
fellowship,  an  Association  which  proposes  to  confer,  and  which,  if  the  means  be 
granted,  will  confer  such  a  benefit  on  so  many  branches  of  knowledge. 

*'  We  have  no  section  for  archseology,  no  section  for  history,  no  section  for  theo- 
lo^,  but  these  sciences  wiU  likewise  profit,  and  above  all — and  this  is  the  primazy 
object  that  we  have  in  view — a  light  will  be  thrown  upon  the  Urthplace  of  our 
faith,  upon  the  configuration  and  the  products  of  the  country,  and  the  way  of  living 
of  a  people  far  different  from  ourselves,  enabling  us  to  reaa  with  a  more  vivid  in- 
terest, and  a  more  real  intelligence,  the  scenes  so  graphically  depicted  in  the  Scrip- 
toes," 
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On  same  Cfhanges  ofSurfaee  affecting  Ancient  Ethnography*, 

By  H.  H.  HowoRTH. 

In  this  paper  the  author  claimed  to  prove  that  the  accounts  given  by  Pliny  and 
the  other  Koman  geographers,  of  the  physical  conformation  of  Scandinavia,  namely, 
that  it  was  then  an  archipelago  of  large  islands,  has  been  abundantly  sustained  by 
the  evidence  collected  by  Swedish  observers  since  the  seventeenth  century,  by  the 
minute  insnection  made  in  1833  bv  Sir  Charles  Lvell,  and  by  subsequent  investiga- 
tions, which  evidence  is  to  the  effect  that  the  wnole  of  the  land  north  and  north- 
east of  Stockholm  is  rising  rapidly,  and  that  the  Baltic  is  becoming  more  limited 
in  area  everv  day.  This  area  of  elevation  has  been  extended  bv  many  observers 
into  Centraf  Asia,  where  the  Caspian  within  the  historic  period  has  receded  enor- 
mously, the  former  conjunction  with  it  of  the  sea  of  Aral  being  only  a  very  limited 
index  of  this  depletion.    From  these  facts  the  author  deduced  the  conclusions, — 

First,  that  the  rhetorical  expression  of  *'  the  northern  hive  "  is  more  than  ever 
an  exaggeration,  and  that  we  must  look  elsewhere  for  the  cradle  of  the  great  ma- 
jority of  invading  peoples  who  overturned  the  Roman  empire. 

Secondly,  that  the  nlling  up  of  a  large  area  in  Southern  and  Central  Asia  with 
sea  and  marsh  in  ancient  times  must  fmfect  the  positions  of  its  races  as  given  in 
orthodox  geographies,  and  offers  a  suggestive  field  for  those  who,  like  himself,  are 
interested  in  the  causes  of  the  continuity  and  the  idiosyncracies  of  the  Indo- 
European  family.  

On  the  Origines  of  the  Norsemen,     By  H.  H.  HowoRXHt. 

The  author  held  the  view  of  Hallam  and  others  to  be  imtenable,  namely^  that 
the  sudden  eruption  of  Norsemen  into  western  Europe,  and  their  feroci^,  were 
due  to  the  Saxon  wars  of  Charlemagne,  which  sent  many  of  the  chieis  of  tnat  race 
beyond  the  limits  of  Germany,  and  in  revenge  of  which  they  afterwards  returned 
to  be  the  scourge  of  all  Europe.  The  only  explanation  of  the  many  peculiarities  of 
the  Norsemen  is  to  be  founa  in  the  fact  of  tneir  having  been  but  late  immijgrantB 
into  the  area  whence  they  emerged  so  powerfully  ana  so  suddenly.  Their  own 
traditions,  their  epics  and  war-songs  contain  no  ulusions  to  such  a  tempting  and 
suggestive  subject  as  the  wars  of  Charlemagne.  After  passing  in  review  all  that 
could  be  found  in  classical  writers  bearing  on  the  subject,  the  author  believed  that 
the  balance  of  evidence  was  in  favour  of  identifying  the  Norsemen  with  the  Rox- 
elani,  literally  **  red-haired  men,"  and  that  these  were  the  same  as  the  Sannati, 
who  have  been  erroneously  considered  to  be  a  Sclavonic  nation. 

The  Ethnography  of  the  French  ExhihiUon,  as  represented  by  National  Arts, 

By  Mrs.  Ltwn  Liwtow. 

The  author  considered  that^  apart  from  all  question  of  commercial  value  or 
social  gain,  the  Exhibition  had  at  least  one  feature  of  undoubted  importance, 
namely,  its  ethnological  material,  which  is  singularlv  rich  both  in  amount  and 
suggestiveness.  Every  variety  of  art  is  to  be  seen,  nrom  the  rude  works  of  the 
savage,  whose  finest  ideas  are  embodied  in  a  necklace  of  shells,  a  mask  of  tattoo, 
or  a  temple  of  skulls,  through  the  intermediate  grades  of  the  semidvilized  making 
their  first  efforts,  up  to  the  latest  productions  of  European  skill.  "Hie  archaeo- 
logical gallery  of  the  Exhibition  leads  us  by  successive  stages  from  the  primitive 
conditions  of  the  lake-dwellers  to  the  complex  life  of  modem  times.  The  work  of 
each  nation,  even  in  the  department  of  jewellery,  has  a  distinctive  character  of  its 
own,  evidencing  the  peculiar  habit  of  thought  and  intellectual  status  of  the  race. 
The  European,  with  aJl  his  science,  cannot  come  near  the  exauisite  grace  of  the 
unlearned  Hindu  or  the  wandering  Kurd.  There  is  a  strongly  marked  dissimi- 
larity of  intention  in  Eastern  and  Western  work.  There  is  no  national  life,  no 
public  meaning  in  anything  that  comes  from  the  East    It  is  all  small  and  indi- 

*  Thii  paper  will  be  printed  at  length  in  the  Transactions  of  the  Ethnological  Sodetj 
for  1868. 

t  This  paper  is  printed  at  length  in  the  Transactions  of  the  Sthnological  Society  for 
1867. 
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yidoal  work,  for  a  few  grand  men  and  their  haiema ;  nothing' for  the  mass  of  the 
people.  The  West,  on  the  contrary,  shows  its  mechanical  improYements  and 
grand  scientifip  discoveries;  planned  to  lessen  the  toil  of  labour  and  multiply  it» 
products,  so  that  the  poor  snidl  profit  as  well  as  the  rich.  We  learn  the  trutn  of 
this  view  in  a.yery  small  and  quite  unimportant  matter,  valuable  only  as  an  indi- 
cation. BothrWest  and  East  send  models  of  tjheir  fruits,  costumes,  trades,  &c. ; 
but  the  East  sends  them  as  toys — mei^e  playthings,  which  are  made  to  amuse  and 
not  to  instruct;  while  the  models  of  the  West  are  in  aid  of  horticultural  or 
ethnographical  science,  the  iinal  cause  of  which  is  public  good,  not  private 
pleasure. 

On  the  Origin  of  Civilization  and  ike  Early  Condition  of  Man, 
By  Sir  Johit  Lubbock,  Bart,  F.B,S,,  Pres.  Ent,  Soe.  See. 

Side  by  side  with  the  different  opinions  whether  man  constitutes  one  or  many 
species,  tnere  are  two  opposite  views  as  to  the  primitive  condition  of  the  fizst  men, 
or  first  beings  worthy  to  oe  so  called.  Many  writers  have  considered  that  man  was 
at  first  a  mere  savage,  and  that  our  history  has  on  the  whole  been  a  steady  progress 
towards  civilization,  though  at  times,  and  sometimes  for  centuries,  some  races 
have  been  stationary,  or  even  have  retrograded.  Other  authors  of  no  less  eminence 
have  taken  a  diametrically  opposite  view.  According  to  them,  man  was  from  the 
commencement  pretty  much  wnat  he  is  at  present  If  possible,  even  more  ignorant 
of  the  arts  and  sciences  than  now,  but  with  mental  auauties  not  inferior  to  our  own. 
Savages  they  consider  to  be  the  degenerate  descendants  of  far  superior  ancestors. 
Of  the  recent  -supporters  of  this  theory,  the  late  Archbishop  of  Dumin  was  amongst 
the  most  eminent  In  the  present  memoir  I  propose  briefly  to  examine  the  reasons 
which  led  Dr*  Whately  to  this  conclusion,  and  still  more  Ibriefly  to  notice  some  of 
the  facts  which  seem  to  me  to  render  it  untenable.  Dr.  Whately  enunciates  his 
opinioDS  in  the  following  words : — *^  That  we  have  no  reason  to  Delieve  that  any 
community  ever  did.  or  ever  can  emerge,  unassisted  by  external  helps,  firom  a  state 

of  utter  barbarian,  mto  anything  that  can  be  called  civilization Man  has  not 

emer^d  from  the  savage  state )  the  progress  of  any  community  in  civilization,  by  its 
own  internal  means^  must  always  have  oegun  firom  a  condition  removed  from  that 
of  complete  barbansm,  out  of  which  it  does  not  appear  that  men  ever  ^d  or  can 
raise  themselves."  One  miffht  at  first  feel  dispNOsea  to  answer  that  fifty  cases  could 
be  cited  which  sltogether  discredit  this  assertion ;  and  without  going  beyond  the 
limits  of  our  own  island,  we  might  regard  the  history  of  England  itself  as  a  sufficient 
answer  to  such  a  statement.  Archbishop  Whately,  however,  was  flEir  too  skilfhl  a 
debater  not  to  have  foreseen  such  an  argument.  '^  The  ancient  Germans,"  he  says, 
''  who  cultivated  com,  though  their  agriculture  was  probably  in  a  veiy  rude  state, 
who  not  only  had  numerous  herds  of  cattle,  but  employed  the  labour  of  brutes,  and 
even  made  use  of  cavalry  in  their  wars,  .  .  .  these  cannot  with  propriety  be 
reckoned  savages,  or  if  tney  are  to  be  so  called  ^for  it  is  not  worth  while  to  dispute 
about  a  word),  then  I  would  admit  that  in  this  sense  man  may  advance,  and  in 
&ct  have  advanced,  by  their  own  unassisted  efforts,  firom  the  savage  to  the  dvi- 
lized  state."  This  limitation  of  the  term  ''  savage  "  to  the  very  lowest  repi«- 
sentatives  of  the  human  race  no  doubt  rendered  Dr.  Whately's  theory  more  tenable 
by  increasing  the  difficidty  of  brinja^ng  forward  conclusive  evidence  against  it. 
llie  Archbisnop,  indeed,  expresses  himself  throughout  his  argument  as  if  it  would 
be  easy  to  produce  the  required  evidence  in  opposition  to  his  uieory,  supposing  that 
any  race  of  savages  ever  had  raised  themselves  to  a  state  of  civilization.  The 
manner  in  which  ne  has  treated  the  case  of  the  Mandans,  a  tribe  of  North  Ameri- 
can Indians,  however,  effectually  disposes  of  this  h^othesis.  This  unfortunate 
tribe  is  described  as  having  been  decidedly  more  civilized  than  those  by  which  they 
were  surrounded.  Having,  then,  no  neighbours  more  advanced  than  themselvef, 
they  were  quoted  as  furnishing  an  instance  of  savages  who  had  civilized  them- 
selves without  external  aid.  In  answer  .to  this,  Archbishop  Whately  asks — '<  First. 
How  do  we  know  that  these  Mandans  were  of  tlie  same  race  as  their  neighboors  r 
Secondl;^.  How  do  we  know  that  theirs  is  not  tiie  original  level  firom  which  the 
lother  tnbes  have  fallen  P    Thirdly  and  lastly,  supposing  that  the  Mandana  did 
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emer^  firom  the  saTSgpe  state,  how  do  we  know  that  this  mav  not  hare  been  through 
the  aid  of  some  stnu^ra  coming  among  them — ^like  the  Majaco<-Capac  of  Peru — 
from  some  more  dviuzed  country^  perhaps  long  before  the  days  or  Columbus  ?  " 
Supposing,  howeyer,  for  a  moment,  and  for  the  sake  of  argument,  that  the  Man- 
dans,  or  any  other  race,  were  originally  savages  and  had  civilized  themselves,  it 
would  still  be  manifestly,  from  tne  very  nature  of  the  case,  imno^ble  to  brmg 
forward  the  kind  of  evidence  demanded  by  Br.  Whatelv.  No  doubt  he  **  may  con- 
fidently affirm  that  we  find  no  one  recorded  instance  oi  a  tribe  of  savages,  properly 
so  styled,  rising  into  a  civilized  state  without  instraction  and  assistance  from  people 
already  civilized. ''  Starting  with  the  proviso  that  savages,  properly  so  styled,  are 
ignorant  of  letters,  and  laymg  it  down  as  a  condition  that  no  ci^lized  example 
should  be  placed  before  them,  the  existence  of  any  such  record  is  an  impossibility ; 
its  very  existence  would  destroy  its  value.  In  another  passage  Archbishop  Whately 
says,  indeed,  ^^  K  man  generally,  or  some  particular  race,  be  capable  oi  self-dvi- 
lizataon,  in  either  case  it  may  be  expected  mat  some  record,  or  tradition,  or  monu- 
ment, of  the  actual  occurrence  of  such  an  event  should  be  found."  So  fiBir  from 
this,  the  existence  of  any  such  record  would,  according  to  the  veiy  hypothesis 
itself,  be  impossible.  Traditions  are  shortlived  and  untrustworthv.  A  "monument" 
which  could  prove  the  actual  occurrence  of  a  race  capable  of  self-civilization,  I 
confess  myself  unable  to  imaeine.  What  kind  of  a  monument  would  ^e  Arch- 
bishop accept  as  proving  that  the  people  which  made  it  had  been  originally  savage  ? 
that  they  had  nused  themselves,  and  had  never  been  influenced  by  strangers  of  a 
superior  race  F  Evidently  the  word  ^^  monument "  in  the  above  passacfe  was  used 
omy  to  round  off  the  sentence.  But^  says  Archbishop  Whately,  ^' We  have  ac- 
counts of  various  savage  tribes,  in  different  parts  of  the  globe,  who  have  been 
visited  from  time  to  time  at  considerable  intervals,  but  have  had  no  settled  inter- 
course with  civilised  people,  and  who  appear  to  continue,  as  far  as  can  be  ascer- 
tained, in  thei  same  uncultivated  condition;"  and  he  adduces  one  case,  that  of  the 
New  Zealanders^  who  "  seem  to  have  been  in  quite  as  advanced  a  state  when  Tasman 
discovered  the  country  in  1642,  as  they  were  when  Cook  visited  it  127  years  after." 
We  have  been  accustomed  to  see  around  us  an  improvement  so  rapid  that  we 
forget  how  ^ort  a  period  a  century  is  in  the  history  of  the  human  race.  Even 
taking  the  ordinary  chronology,  it  is  evident  that  if  in  6000  years  a  ffiven  race  has 
only  progressed  from  a  state  of  utter  savagery  to  the  condition  of  the  Australian, 
we  could  not  expect  to  find  much  change  in  one  more  centuiy.  Many  a  fishing 
village,  even  on  our  own  coast,  is  in  very  nearly  the  same  conoition  as  it  was  127 
years  ago.  Moreover,  1  might  fairly  answer  tluit  accordinjg^  to  Whately's  own  de- 
finition of  a  savage  state  ^e  New  Zealanders  would  certainly  be  excluded.  They 
cultivated  the  ground,  they  had  domestic  animals,  they  constructed  elaborate  for- 
ti^cations,  and  made  excellent  canoes,  and  were  certainly  not  in  a  state  of  utter 
barbarism.  Or  1  might  argue  that  a  short  visit,  like  that  of  Tasman,  could  give  little 
insight  into  the  true  condition  of  a  people.  1  am,  however,  the  less  disposed  to 
question  the  statement  made  by  Arcnbisnop  Whately,  because  the  &ct  that  many 
races  are  now  practic^y  stationary  is  in  reality  an  argument  against  the  theory  of 
degradation  and  not  afo^ainst  that  of  progress.  Civilized  races,  say  we,  are  the  de- 
scendants of  races  which  have  risen  from  a  state  of  barbarism.  On  the  contrary, 
argue  our  opponents,  savages  are  the  descendants  of  civilized  races,  and  have  sunk 
to  their  present  condition.  But  Ardibishop  Whately  admits  that  the  civilized 
races  are  still  rising,  while  the  savages  are  now  stationary ;  and,  oddly  enough, 
seems  to  regj^  ti^is  as  an  arg^ument  in  support  of  the  very  untenable  proposition, 
that  the  diSerence  between  the  two  is  due  not  to  the  progress  of  the  one  set  of 
races,  a  progress  which  every  one  admits,  but  to  the  degradation  of  those  whom  he 
himself  mamtains  to  be  stationary^  The  delusion  is  natural,  and  like  that  which 
every  one  must  have  sometimes  experienced  in  looking  out  of  a  train  in  motion, 
when  the  woods  and  fields  seem  to  be  fiying  from  us,  whereas  we  know  that  in 
reality  we  are  moving  and  they  are  stationary.  But  it  is  argued,  ''  If  man, 
when  first  created,  was  left,  like  the  brutes,  to  the  unaided  exercise  of  those 
natural  powers  of  body  and  mind  which  are  common  to  the  European  and  to  the 
New  Hmlander,  how  comes  it  that  the  European  is  not  now  in  the  condition  of 
the  New  HoUanderP  "  1  am  indeed  surprised  at  such  an  argument.  In  the  first  place, 
Australia  possesses  neither  cereals  nor  any  animals  which  can  be  domesticated  with 
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advantage ;  and  in  the  second,  we  find,  even  in  the  same  fumily,  among  children  of 
the  same  parents;  the  most  opposite  dispositions — in  the  same  nation  there  are 
families  oi  high  character,  ana  others  in  which  every  member  is  more  or  less 
crimiDid.  But  in  this  case,  as  in  the  last,  the  Archbishop's  arc-ument,  if  good  at 
all,  is  good  against  has  own  view.  It  is  like  an  Australian  boomerang,  which 
recoils  upon  ita  owner.  The  Archbishop  believed  in  the  unity  of  the  human  race, 
arguing  that  man  was  originally  civilized  (in  a  certain  sense).  ''  How  comes  it, 
then,"  I  might  ask  him,  *Hhat  the  New  Hollander  is  not  now  in  the  condidon  at 
the  European  P  "  In  another  passage,  Archbishop  Whatelv  quotes  with  approba- 
tion a  passage  from  President  Smith,  of  the  College  of  New  Jersey,  who  says, 
that  man,  '^  cast  out  an  orphan  of  nature,  naked  and  helpless,  into  the  savage  forest, 
must  have  perished  before  he  could  have  learned  how  to  supply  his  mo6t  imme- 
diate and  urgent  wants.  Suppose  him  to  have  been  created,  or  to  have  started 
into  being,  one  knows  not  how,  in  the  fiill  strength  of  his  bodily  powers,  how  long 
must  it  have  been  before  he  could  have  known  the  proper  use  of  his  limbs,  or 
how^  to  apply  them  to  climb  the  tree  ?  "  &c.  Exactly  the  same,  however,  noight 
be  said  oi  the  gorilla  or  the  chimpanzee,  which  certainly  are  not  the  degraaed 
descendants  of  civilized  ancestors.  Having  thus  very  briefly  considered  the  argn- 
ments  brought  forward  by  Archbishop  Whately,  I  will  proceed  to  state,  also  very 
briefly,  some  facts  which  seem  to  militate  against  the  view  advocated  by  him. 

First,  I  will  endeavour  to  show  that  there  are  indications  of  progress  even 
among  savages.  Secondly,  that  among  the  most  civilized  nations  there  are  traces 
of  original  barbarism.  The  Archbishop  supposes  that  men  were  from  the  beginning 
herdsmen  and  cultivators.  We  know,  however,  that  the  Australians,  Tasmaniana, 
North  and  South  Americans,  and  several  other  more  or  less  savage  races,  living  in 
countries  eminently  suited  to  our  domestic  animals,  and  to  the  cultivation  of  cer^a, 
were  yet  entirely  ignorant  both  of  the  one  and  tne  other.  It  is,  I  think,  impro- 
bable that  any  race  of  men,  who  had  once  been  agriculturists  and  herdsmen,  should 
entirely  abandon  pursuits  so  easy  and  so  advantageous,  and  it  is  still  more  impro- 
bable that  if  we  accept  Usher's  very  limited  clm)nology,  all  tradition  of  such  a 
change  should  be  lost.  Moreover,  even  if  the  present  colonists  of  (say)  America 
or  Australia  were  to  fall  into  such  a  state  of  Darbarism,  we  should  still  find  in 
those  countries  herds  of  wild  cattle  descended  from  those  imported ;  and,  even  if 
these  were  exterminated,  still  we  should  find  their  remains,  whereas  we  know  that 
no  single  bone  of  the  ox,  or,  with  one  doubtful  exception,  the  domestic  sheep,  has 
been  found  either  in  Australia  or  in  the  whole  extent  of  America.  Moreover  the 
same  argument  applies  to  the  horse,  as  the  fossil  horse  of  South  America  does 
not  belong  to  the  domestic  race.  So,  again,  in  the  case  of  plants.  We  do  not 
know  that  any  of  our  cultivated  cereals  woidd  survive  in  a  wild  state,  though  it 
is  highly  probable  that  in  a  modified  form  they  would  do  so.  But  there  are  many 
other  plants  which  follow  in  the  train  of  man,  and  by  which  the  botany  of  Soutt 
America,  Australia,  and  New  Zealand  has  been  almost  as  profoundly  modified, 
as  their  ethnology  has  been,  by  the  arrival  of  the  white  man.  The  Maoris  have 
a  melancholy  proverb,  that  the  Maoris  disappear  before  the  white  man,  just  as 
the  white  man's  rat  destroys  the  native  rat ;  the  European  fiy  drives  away  the 
Maori  fiy ;  and  the  clover  kiUs  the  New  Zealand  fern.  A  very  interesting  paper 
on  this  subject,  1^  Dr.  Hooker,  whose  authority  no  one  will  question,  ia  contained 
in  the  Natural  History  Review  for  1864: — ''In  Australia  and  New  ZealancL" 
he  says,  "  for  instance,  the  noisy  train  of  English  emigration  is  not  more  surely 
doing  its  work  than  the  stealthy  tide  of  English  weeds,  which  are  creeping  over  tiie 
surface  of  the  waste,  cultivated,  and  virgin  soil,  in  annually  increasmg  numbers 
of  genera,  species,  and  individuals.  Apropos  of  this  subject,  a  correspondent, 
W.  T.  Locke  Travers,  Esq.,  F.L.S.,  a  most  active  New  Zealand  botanist,  writmg  from 
Canterbury,  says,  |  You  would  be  surprised  at  the  rapid  spread  of  European  and 
foreign  plants  in  this  country.  All  along  the  sides  of  the  main  lines  of  road  through 
the  ^ains,  a  Polygonum,  called  cow-grass,  grows  most  luxuriantly,  the  roots  some- 
times two  feet  in  depth,  and  the  plants  spreading  over  an  area  from  four  to  five  feet 
in  diameter.  The  dock  (Rumex  tMuwfoUus  or  22.  erispus)  is  to  be  found  in  every 
river-bed  extending  into  the  valleys  of  the  mountain-nvers,  until  these  become 
mere  torrents.  The  Sow-thistle  is  spread  aU  over  the  countiy,  growing  luxnriantiy 
nearly  up  to  6000  feet.    The  water-cress  increaaea  in  our  stiU  rivers  to  aoch  an 
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extent  as  to  threaten  to  choke  them  altogether.' "  The  Cardoon  of  the  Argentine 
Kepublics  is  another  remarkable  instance  of  the  same  fact.  We  may  theiefoie 
safely  assume  that  if  Australia,  New  Zealand,  or  South  America  had  ever  been 
peopled  by  a  race  of  herdsmen  and  agriculturists,  the  fauna  and  flora  of  these  coun- 
tries would  almost  ineyitably  haye  giyen  eyidence  of  the  &ct,  and  differed  much 
^m  the  condition  in  which  they  were  discoyered.  We  may  also  assert  on  a 
general  proposition  that  no  weapons  or  instruments  of  metal  haye  eyer  been  found 
in  any  country  inhabited  by  savages  wholly  ignorant  of  metalluigy.  A  still 
stronger  case  is  afforded  by  pottery.  Pottery  is  not  easily  destroyed  j  when  known 
at  all  it  is  always  abundant,  and  it  possesses  two  Qualities;  namely^  those  of  being 
easy  to  break,  and  yet  difficult  to  destro^r,  whicn  render  it  yery  yaluable  in  an 
archaeological  point  of  yiew.  Moreoyer,  it  is  in  most  cases  associated  with  burials. 
It  is,  therefore,  a  very  significant  fact,  that  no  fragment  of  pottery  has  ever  been 
found  in  Australia,  New  Zealand,  or  the  Polynesian  Islands.  It  seems  to  me  ex- 
tremely improbable  that  an  art  so  easy  and  so  useM  should  ever  have  been  lost  by 
any  race  or  men.  Again,  this  argument  applies  to  several  other  arts  and  instru- 
ments. I  will  mention  only  two,  though  several  others  might  be  brought  forwuxl., 
The  art  of  spinning  and  the  use  of  the  bow  are  quite  unknown  to  many  races 
of  savages,  and  yet  would  hardly  be  likely  to  have  been  abandoned  when  once 
known.  The  absence  of  architeHctural  remains  in  these  countries  is  another  argu- 
ment. Archbishop  Whately,  indeed,  clainos  this  as  being  in  his  fiivour^  but  the 
absence  of  monuments  in  a  country  is  surely  indicative  of  barbarism  and  not  of 
civilization.  The  mental  condition  of  savages  seems  also  to  me  to  speak  strongly 
against  the  "deffrading''  theory.  Not  only  do  the  religions  of  the  lower  races 
appear  to  be  indigenous,  but  I  have  elsewhere  pointea  out  that,  according  to 
almost  universal  testimony  of  all  writers  on  savages — merchants,  philosophers, 
naval  men,  and  missionaries  alike — there  are  many  races  of  men  who  are  alto- 
gether destitute  of  a  religion.  The  cases  are  perhaps  less  numerous  than  they  are 
4ifl8erted  to  be,  but  some  of  them  rest  on  good  evidence.  Yet  I  feel  it  difficult  to 
belie  vTiibat  any  people  which  had  once  possessed  a  religion  would  ever  entirely 
lose  it.  kell^on  appeals  so  strongly  to  tne  hopes  and  fears  of  men — it  takes  so 
deep  a  hold  on  most  minds — ^it  is  so  ^at  a  consolation  in  times  of  sorrow  and  sick- 
ness— that  I  can  hardly  think  any  nation  would  ever  abandon  it  altogether.  Where^ 
therefore,  we  find  a  race  which  is  now  ignorant  of  religion,  I  cannot  but  assume 
that  it  has  always  been  so.  I  will  now  proceed  to  mention  a  few  cases  in  which 
some  improvement  does  appear  to  have  taken  place.  According  to  MK^illivray, 
the  Australians  of  Port  Essington,  who,  like  all  their  fellow-countrymen,  had 
formerly  bark  canoes  only,  have  now  completely  abandoned  them  for  others  hol- 
lowed out  of  the  trunk  of  a  tree,  which  they  buy  from  the  Malays.  It  is  said 
that  the  inhabitants  of  the  Andaman  Islands  have  recently  introduced  outrig^rs. 
The  Bachapins,  when  visited  by  Burcbell,  had  just  commenced  working  iron. 
According  to  Burton,  the  Wajiji  negroes  have  recently  learned  to  make  brass.  In 
Tahiti,  when  visited  by  Captain  Cook,  the  largest  morai,  or  burial-place,  was  that 
erected  for  the  then  reigning  Queen.  The  Tuiitians,  also,  had  then  very  recently 
abandoned  the  habit  of  cannibalism.  Moreover  there  are  certain  facts  which 
speak  for  themselves.  Some  of  the  North  American  tribes  cidtivated  the  maise. 
Now  the  maize  is  a  North  American  plant ;  and  we  have  here,  therefore,  clear  evi- 
dence of  a  step  in  advance  made  by  these  tribes.  Again,  the  Peruvians  had  do- 
mesticated the  llama.  Those  who  oelieve  in  the  diversity  of  species  of  men  may 
endeavour  to  maintain  that  the  Peruvians  had  domestic  llamas  from  the  beginning. 
Archbishop  Whately,  however,  would  not  take  this  line.  He  would,  I  am  sure, 
admit  that  the  first  settlers  in  Peru  had  no  llamas,  nor,  indeed,  any  other  domestic 
animal,  excepting  probably  the  dog.  The  bark  cloth  of  the  Polynesians  is  another 
case  in  point.  Another  very  strong  case  is  the  boomerang  of  the  Australians. 
With  one  doubtful  exception  this  weapon  is  known  to  no  other  race  of  men.  We 
cannot  look  on  it  as  a  relic  of  primeval  civilization,  or  it  would  not  now  be  confined 
to  one  race  only.  The  Austrahan  cannot  have  learned  it  from  any  civilized  visitors 
for  the  same  reason.  It  is  therefore,  as  it  seems  to  me,  exactly  the  case  we  want, 
and  a  dear  proof  of  a  step  in  advance — a  small  one  if  you  like— but  stiU  a  step  made 
b^  a  people  whom  Archoishop  Whately  would  certainly  admit  to  be  true  savages, 
llie  rude  substitutes  for  writing  found  among  various  tribes,  the  wampum  of  the 
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NorUi  American  Indian^  the  picture- writing  and  Quippu  of  Central  America,  most 
be  regarded  as  of  native  origm.    In  the  case  of  the  system  of  letters  invented  br 
Mohammed  Doalu,  a  negro  of  the  Vei  counti^y  in  West  Africa,  the  idea  was  no  doubt 
borrowed  from  the  missionaries,  although  it  was  worked  out  independently.     In 
other  cases,  however,  this  cannot,  I  think,  oe  maintained.  Take  that  or  the  Mexicans. 
Even  if  we  suppose  that  thev  are  descended  from  a  primitively  civilized  race,  and 
had  gradually  and  completely  lost  both  the  use  and  tradition  of  letters — ^to  mj 
mind,  by  the  way,  a  most  improbable  hypothesis—still  we  must  look  on  their 
system  of  picture-writing  as    being  of  American  origin.    Even  if  a  system  of 
writing  by  letters  could  ever  be  altogether  lost — ^which  I  doubt — ^it  certainly  could 
not  be  abandoned  for  that  of  picture-writing,  which  is  inferior  in  every  point  of 
view.    If  the  Mexicans  had  owed  their  civilization,  not  to  their  own  gradual  im- 
provement, but  to  the  influence  of  some  European  visitors,  driven  by  stress  of 
weather  or  the  pursuit  of  adventure  to  their  coasts,  we  should  have  found  in 
their  system  of  writing,  and  in  other  respects^  unnustakeable  proofs  of  such  an  in- 
fluence.   Although,  therefore,  we  have  no  historical  proof  that  the  civilization  of 
America  was  indigenous,  we  have  in  its  very  character  evidence,  perhaps,  more 
satisfactory  than  any  historical  statements  would  be.    The  same  a^piment  may  be 
derived  from  tiie  names  used  for  numbers  by  savages.    I  feel  ffreat  difficulty  in 
supposing  that  any  race  which  had  learnt  to  count  up  to  ten  would  ever  unlearn  a 
piece  of  knowledge  so  easy  and  yet  so  useful.   Yet  we  know  that  few,  perhaps  none, 
of  those  whom  Archhiahop  Wbately  would  call  savages,  can  count  so  far.     No 
Austraiian  language  contamed  numerals  for  any  number  beyond  four ;  the  Dam- 
maras  and  Abipones  use  none  beyond  three ;  some  of  the  Brazilian  tribes  cannot 
go  beyond  two.   In  man  v  cases  where  the  system  of  numeration  is  at  present  some- 
what more  advanced,  it  bears  on  it  the  stamp  of  native  and  recent  origin.    Among 
civilized  nations,  the  derivations  of  the  numerals  have  long  since  been  obscured  by 
the  gradual  mo^fication  which  time  effects  in  all  words ;  especially  those  in  fre- 
quent use,  and  before  the  invention  of  printing.    And  if  the  numerals  of  savages 
were  relics  of  a  former  civilization,  the  waifis  and  strays  saved  out  of  the  general 
wreck,  though  we  could  not  expect  to  trace  them  up  to  that  original  language, 
which  in  such  a  case  must  have  existed,  vet  we  certainlv  should  not  find  them  such 
as  they  really  are.    I  cannot,  of  course,  nere  give  to  tnis  argument  all  the  deve- 
lopment of  which  it  is  capable,  or  bring  forwurd  all  the  cases  in  point ;  but  I  will 
quote  a  short  passa^  from  a  very  interesting  lecture  delivered  oefore  the  Royal 
Listitution  by  my  friend  Mr.  Tvlor,  in  which  some  of  the  facts  are  clearly  stated. 
**  Among  many  tribes  of  Nortn  and  South  America  and  West  Africa  are  found 
such  expressions  as — for  6,  '  a  whole  hand; '  and  for  6,  ' one  to  the  other  hand;* 
10,  ^  botn  hands ; '  and  11,  'one  to  the  foot ; '  20,  '  one  Indian ; '  and  21,  '  one  to 
the  hands  of  the  other  Indian ; '  or  for  11,  'foot  1;' for  12,  'foot2;'  for20,'a 
person  is  finished ; '  while  among  the  miserable  natives  of  Van  Diemen's  Land  the 
reckoning  of  a  single  hand,  viz.  6,  is  called  puffonna,  *  a  man.' ''    For  displaying 
to  us  the  picture  of  the  savage  counting  on  his  fingers,  a  being  struck  with  tne  idea 
that,  if  he  describes  in  wor£  his  gestures  of  reckoning,  these  words  wiU  become  a 
numeral,  perhaps  no  language  approaches  the  Zulu.    Counting  on  his  fingers,  he 
begins  always  with  the  nttie  finger  of  his  left  hand,  and  thus  reaching  6,  he  calls 
it ''  a  whole  hand ; ''  for  6,  he  translates  the  appropriate  gesture,  calling  it  taiiaUtma, 
''  take  the  thumb;''  while  7,  being  shown  m  gesture  by  the  forefinger,  and  tnis 
finger  being  used  to  point  with,  the  verb  komba,  ''  to  point,"  comes  to  serve  as  a 
numeral  expression,  denoting  7.    Here,  then,  surely  we  have  just  the  evidence 
which  Archoishop  Whately  required.    These  numerals  are  recent,  beoEUise  they 
are  uncoirupted,  and  they  are  mdigenous,  because  they  have  an  evident  meaning 
in  the  language  of  the  tribes  by  whom  they  are  used.    Again,  we  know  that 
many  savage  languages  are  entirelv  deficient  m  such  words  as  ''  colour,"  *'  tone,*' 
**  tree,"  &c,  having  names  for  each  kind  of  colour,  every  species  of  tree,  but  not 
for  tiie  general  idea.    I  can  hiudlv  ima^e  a  nation  losmg  such  words  if  it  had 
once  possessed  them.    Other  similar  evidence  might  be  extracted  from  the  lan- 
guage of  savages ;  and  arguments  of  this  nature  are  entitied  to  more  weight  than 
statements  of  travellers,  as  to  the  objects  found  in  use  amonff  savages.    Suppose, 
for  instance,  that  an  early  traveller  mentioned  the  absence  of  some  art  or  know- 
ledge among  a  race  visited  by  him,  and  that  later  ones  found  the  natives  in  poe- 
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session  of  it  Most  people  would  heatate  to  receiye  this  as  a  dear  evidence  of 
progress^  and  rather  be  oisposed  to  suspect  thai  later  tFareliers.  with  perhaps  bet- 
ter opportunities,  had  seen  what  their  predecessors  had  overlodced.  TMb  is  no 
hypothetical  case.  The  early  Spanish  writers  assert  that  the  inhabitants  of  the 
Ladrone  Islands  were  ignorant  of  the  use  of  fire.  Later  trsvellersi  on  the  con-* 
trary,  find  them  perfectly  well  acquainted  with  it  •  They  hare,  therefcnr^  almost 
imanimously  assumed,  not  that  the  natives  had  made  a  step  in  advance^  but  that 
the  Spaniards  had  made  a  mistake ;  and  I  have  not  brought  this  case  forward  in  oppo* 
eition  to  the  assertions  of  Whately,  because  I  am  inclined  to  be  of  the  same  opimon 
mysell  I  refer  to  it  here,  however,  as  showing  how  difficult  it  would  be  to  obtain 
aatiafactorv  evidence  of  material  progress  among  savages^  even  admitting  that  such 
exists.  Tne  arguments  derived  from  language^  however,  are  liable  to  no  such 
suspicions ;  but  tell  liieir  own  tale,  and  leave  us  at  liberty  to  draw  our  condusions. 
1  will  now  veiy  briefly  refer  to  certain  considerations  whieh  seem  to  show  that 
even  the  most  civilized  races  were  once  in  a  state  of  barbarism.'     Not  only 


throughout  Eiirope.  not  only  in  Italy  and  Oreece,  but  even  in  the  so-called  cradle 
of  dvilization  itseli-— in  Palestine  aim  Syria— in  Egypt  and  in  India — ^the  traces  of 
the  stone  age  have  been  discovered.  It  may,  indeed,  be  said  that  ^ese  were  only 
the  fragments  of  those  stone  knives  &c.  ^TOich  we  know  were  used  in  religious 
ceremonies  long  after  metal  was  in  general  use  for  secular  purposes^  This  indeed 
reminds  one  oi  the  attempt  to  account  for  the  presence  of  dephants'  bones  in 
England,  by  supposing  that  they  were  the  remains  of  elephants  wnich  might  have 
been  brought  over  by  the  Romans.  But  why  were  stone  knives  used  by  the 
Egyptian  and  Jevrish  priests  P  Evidently  because  they  had  been  at  one  time  in 
general  use.  and  there  was  a  feeling  of  respect  which  made  them  reluctant  to  use 
the  new  snostance  in  religious  ceremonies.  There  are^  moreover,  other  coiisiderav 
tions  which  point  very  deddedly  to  the  same  conclusion.  It  is  well  known  that 
among  various  savage  tribes  female  virtue  is  looked  on  with  a  very  indifierent  eye. 
Some  savages  have  not — ^I  will  not  say  have  not  arrived  at — the  idea  of  marriage. 
I  cannot  here  bring  forward  the  evidence  in  support  of  this  statement,  but  every 
one  who  has  taken  any  interest  in  the  lower  races  of  men  will  admit  that  a  savaged 
wives  are  essentially  a  part  of  his  property,  a^  much  so  as  his  dog  or  his  oUier  slaves; 
and  hence,  when  a  man  dies,  his  brother  takes  possession  of  the  widow,  together 
with  the  rest  of  the  propertv.  In  those  cases  where  women  are  treated  with  rather 
more  justice,  the  fint  results  are,  according  to  our  ideas,  of  doubtful  advantage. 
Among  the  Andaman  Islanders,  for  instance,  the  man  and  woman  remain  tosether 
only  until  the  cluld  is  bom  and  weaned,  when  they  are  free  to  separate  ana  pair 
witn  others,  in  other  cases,  marriage  -mav  be  terminated  at  the  wish  dther  of 
the  husband  or  the  wife.  In  others,  again,  the  tie  is  of  such  a  nature  that  it  affords 
not  even  a  presumption  as  to  j^arentage.  The  result  of  this  is  that  many  savages 
have  no  idea  of  any  relationship  by  paternity ;  they  recogniase  kinship  throuffh  the 
female  line  only.  This  is  the  case  with  the  Australians,  the  Fiiians^  and  indeed 
the  South  Sea  Islanders  generaUy ;  the  ancient  Celts,  Greeks^  t£e  Easias,  Nairs, 
and  other  tribes  in  Hindostan ;  some  of  the  Cossack  hordes,  many  negro  tribes, 
&c.,  and  traces  of  it  occur  aU  over  the  world.  For  the  same  reason  a  man's 
heirs  are  not  lus  own  children,  but  those  of  his  sisters ;  while,  probaUv  again  for 
the  same  reason,  the  Wanyamwezi  have  the  (at  first  sight)  inexplicable  custom 
that  a  man's  propertv  goes  to  his  iUegitiinate  children,  and  not  to  hia  lawful  off^ 
spring.  Thus,  then,  oy  tracing  up  the  gradual  construction  of  the  idea  of  marriage, 
we  can  account  for  the  two  extraordinary  customs  which  we  find  in  every  part  of 
the  world — ^that  a  man  is  regarded  as  no  relation  to  his  own  children,  and  that  his 
property  goes  not  to  them,  but  to  those  of  his  sisters.  As  things  improved,  and 
the  probaoilitv  of  parents^  became  greater,  kindiip  through  females  cmly  would 
gradually  be  abandoned.  Many  savages  have  not  jet  advanced  so  fisr,  others  have 
recently  made  the  chance — as,  for  instance,  the  Ait-Iraten,  who  did  so  less  than  a 
century  ago,' and  erected  a  stone  pillar  in  memory  of  the  event  Even^  however, 
among  the  most  dviHzed  nations,  we  find  in  earl^  history  traces  of  this  progres- 
don.  Thus  among  the  early  Jews,  Abraham  married  his  halft-sister.  Nahor  mar- 
ried his  brother's  £iughter,  and  Amrsm  married  his  fiithev's  sLster.  Here  we  see  the 
system  of  kinship  through  femdes  only.    These  women  were  not  at  that  time  re- 
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ig;aided  as  lelataves,  though  at  a  later  period  in  Jewish  history  they  would  have  been 
so.  The  custom  that  when  a  man  died  childless  his  brother  married  the  widow  is 
another  case  in  point,  as  also  is  the  touching  story  of  Ruth  and  Boaz,  and  the  ssd 
history  of  Tamar.  Similar  considerations^  as  Mr.  McLennan  points  out  in  his  ei- 
cellent  book  on  Primitive  Marriage,  prove  that  the  Romans  were  ''  at  one  time  in 
fan  passu  as  regards  the  administration  of  justice  with  many  races,  which  we  find 
Ignorant  of  legal  proceedings,  and  dependent  for  the  settlement  of  their  disputes  on 
force  of  arms  or  the  good  offices  of  friends ; ''  while,  as  regards  marriage,  we  find 
customs  both  among  the  Greeks  and  Romans  which  point  back  to  the  time  when 
those  polished  peoples  were  themselves  mere  savages.  lE^ven  among  ourselves  « 
man  is,  in  the  eye  of  the  law,  no  relation  to  his  own  children  unless  uiey  are  born 
in  wedlock.  He  is  related  to  his  own  ofispring  not  by  blood,  but  through  his  mar- 
riage with  the  mother.  If  marriage  has  not  taken  place  they  have  no  right  to  his 
name ;  and  should  he  leave  them  any  of  his  property,  the  State  steps  in  and  claims 
one- tenth,  as  in  cases  where  money  is  left  to  those  who  are  no  relations.  Thus, 
then,  we  can  trace  up  among  races  in  different  stages  of  civilization  every  step, 
from  the  treatment  of  woman  as  a  mere  chattel  to  the  sacred  idea  of  matrimony  ts 
it  exists  among  ourselves,  and  we  find  clear  evidence  that  the  gradual  changehas 
been  one  of  progress  and  not  of  degradation.  Civilized  nations  lon^  retain  traces 
of  tiieir  ancient  oarbarism ;  barbarous  ones,  no  relics  of  previous  chivalry.  As  the 
valves  in  the  veins  indicate  the  direction  of  the  circulation,  so  can  we  trace  the 
gradual  progress  of  respect  for  women,  which  is  one  of  the  noblest  features  of  our 
modem  civilization.  Before  quitting  this  interesting  subject,  I  may  add  that 
many  nations  have  traditions  of  the  orijB^n  of  marriage.  Among  t^e*  Egyptians 
it  is  attributed  to  Menes,  among  the  Chmese  to  Folhi,  the  Greeks  to  Cecrops,  the 
Hindoos  to  Svetaketu.  If  the  idea  of  marriaA^e  had  been  coeval  with  our  race, 
if  marriage  had  always  appeared  as  natural,  imight  say  as  necessary,  as  it  does 
to  us,  sucn  traditions  could  scarcely  have  arisen.  In  the' publications  of  the  Nova 
Scotian  Institute  of  Natural  Science  is  an  interesting  paper  by  Mr.  HaUburton 
on  **  The  Unity  of  the  Human  Race,  proved  by  the  universality  of  certain  super- 
stitions connected  with  sneezing."  ''  Once  establish,"  he  says,  **  that  a  large  num- 
ber of  arbitrary  customs,  such  as  could  not  have  naturally  suggested  themselves 
to  all  men  at  all  times,  are  universally  observed,  and  we  arrive  at  the  conclusion 
that  they  are  primitive  customs,  which  have  been  inherited  from  a  common 
source ;  and,  if  mherited,  that  they  owe  their  origin  to  an  era  anterior  to  the  dis- 

Sersion  of  the  human  race."  To  justify  such  a  conclusion,  the  custom  must  be 
emonstraUy  arbitrary.  The  belief  that  two  and  two  make  four,  the  division  of 
the  year  into  twelve  months,  and  similar  coincidences,  of  course,  proves  nothing, 
and  I  very  much  doubt  the  existence  of  any  universal,  or  even  general,  custom  of 
a  clearly  arbitrary  character.  The  fEtct  is  mat  many  things  appear  to  us  arbitrary 
and  absurd  because  we  live  in  a  condition  so  different  from  tnat  in  which  they 
originated.  Many  things  seem  natural  to  a  savage  which  to  us  are  imaccountable. 
Mr.  Haliburton  brings  forward  as  his  strongest  case  the  habit  of  saying  '^  God 
bless  you,"  or  some  equivalent  expression,  when  a  person  sneezes.  He  shows 
tiiat  tnis  custom,  which  I  admit  appears  to  us  at  first  sight  both  odd  and  arbitrary, 
is  ancient  and  widely  extended.  It  is  mentioned  by  Homer^  Aristotie,  Apuleius, 
Pliny,  and  the  Jewisn  rabbis^  and  has  been  observed  in  Florida,  in  Otaheite,  and 
in  the  Tonga  Islands.  That  it  is  not  arbitrary,  however,  Mr.  Haliburton  himi^lf 
shows,  and  it  does  not  therefore  come  under  his  rule.  A  belief  in  invisible  beings 
is  very  general  among  savages,  and  while  they  think  it  unnecessary  to  account 
for  blessings,  they  attribute  any  misfortune  to  the  iU-will  of  these  mysterious 
beings.  Many  savages  regard  disease  as  a  case  of  possession.  In  cases  of  illness 
they  do  not  suppose  that  the  organs  are  themselves  affected,  but  that  they  are 
being  devoured  oy  a  god.  Hence  their  medicine  men  do  not  try  to  cure  the  dis- 
ease, but  to  extract  the  demon.  Some  tribes  have  a  distinct  deity  for  every  ail- 
ment The  Australians  do  not  believe  in  natural  death.  When  a  man  dies*  they 
take  for  granted  that  he  has  been  destroyed  by  witohcraft,  and  only  doubt  who  is 
the  culpnt.  Now  a  people  in  this  state  of  mind — and  we  know  that  almost  every 
race  of  men  is  passing  or  has  passed  through  this  stage  of  development — seeing  a 
-man  sneeze,  would  naturally  and  almost  inevitebly  suppose  that  ne  was  attacked 
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and  shaken  bj  some  inTimble  being ;  eqnally  natural  is  the  impulse  to  appeal  for 
aid  to  some  other  invisible  being  more  powerful  than  the  first.  Mr.  Hauburton 
admits  that  a  sneeze  is  ''an  omen  of  impending  evil:''  but  it  is  more — ^it  is  eyi- 
dence  which,  to  the  sava^  mind,  would  seem  conclusiTe  that  the  sneezer  was 
nossessed  by  some  eyil-disposed  spirit.  Eyidentlj^  therefore,  this  case,  on  which 
Mr.  Haliburton  so  much  relies,  is  by  no  means  an  ^  arbitraiy  custom,  and  does 
not  therefore  fulfil  the  conditions  wnich  he  himself  laid  down.  He  has  inciden- 
tally brought  forward  some  other  instances,  most  of  which  labour  under  the  disad- 
vantage of  proving  too  much.  Thus  he  instances  the  existence  of  a  festival  in 
honour  of  tne  dead,  ''  at  or  near  the  beginning  of  November."  Such  a  feast  is 
very  general,  and  as  there  are  many  more  races  holding  such  a  festival  than  there 
are  months  in  the  year,  it  is  evident  that  in  several  cases  they  must  be  held  to- 
gether. But  Mr.  Haliburton  goes  on  to  say,  "  The  Spaniards  were  very  naturally 
surprised  at  finding  that,  while  they  were  celebrating  a  solemn  mass  for  All  Souls 
on  the  2nd  of  November,  the  heathen  Peruvians  were  also  holding  their  annual 
commemoration  of  the  dead.''  This  curious  coincidence  would,  however,  not 
only  prove  the  existence  of  such  a  festival  ''  before  the  dispersion  "  (which  Mr. 
Haliburton  evidently  looks  on  as  a  definite  event,  instead  of  a  gradual  process)* 
but  also  that  men  were  at  that  epoch  sufficiently  advanced  to  form  a  calendar  and 
keep  it  unchanged  down  to  the  present  time.  This,  however,  we  know  was  not 
the  case.  Mr.  .^diburton  a^^ain  says,  "  The  belief  in  Scotland  and  Equatorial  Aj&ica 
is  found  to  be  almost  precisely  identical  respecting  there  being  ghosts  even  of  the 
living,  who  are  exceeaingly  troublesome  and  pugnacious,  ana  can  be  sometimes 
killed  by  a  silver  bullet"  Here  we  certainly  have  what  seems  to  be  an  arbitrary 
belief,  but  if  it  proves  that  there  was  a  belief  in  ghosts  of  the  living  before  the 
dispersion,  it  also  proves  that  silver  bullets  were  then  in  use.  This  iUustration  is^ 
I  tnink,  a  veiy  interesting  one,  because  it  shows  that  similar  ideas  in  distant 
countries  owe  weir  origin,  not ''  to  an  era  before  the  dispersion  of  the  human  race,'' 
but  to  the  original  identity  of  the  human  mind.  While  I  do  not  believe  that 
similar  customs  in  difierent  nations  are  "  inherited  from  a  common  source,"  or  are 
necessarily  primitive,  1  certainly  do  see  in  them  an  argument  for  the  imity  of  th^ 
human  race,  which,  however,  bie  it  remarked  in  parsnthesiB,  is  not  necessarily  the 
same  thing  as  the  descent  from  a  single  pair. 

In  conclusion,  then,  while  I  do  not  deny  that  there  are  cases  in  which  nations 
have  retrograded,  I  regard  these  as  exceptional  instances.  The  facts  and  argu- 
ments whicn  I  have  here  very  briefiy  indicated  might  have  been  supported  by  numy 
other  illustrations  which  I  could  not  bring  before  you  without  unauly  extending  a 
communication  already  somewhat  too  long.  They,  however,  I  think,  afibrd  strong 
grounds  for  the  following  conclusions — ^namely,  that  existing  savages  are  not  de- 
scendants of  civilized  ancestors;  that  the  primitive  condition  of  man  was  one  of - 
utter  barbarism ;  that  from  this  condition  several  races  have  independently  raised 
themselves.  These  views  follow,  I  think,  firom  strictly  scientific  considerations. 
We  shall  not,  however,  be  the  less  inclined  to  adopt  them  on  account  of  the  cheer- 
ing prospects  which  they  hold  out  for  the  future.  If  the  past  history  of  man  has 
been  one  of  deterioration,  we  have  but  a  groundless  expectation  of  future  improve- 
ment ;  butf  on  the  other  hand,  if  the  past  has  been  one  of  progress,  we  may  fairly 
hope  that  the  future  will  be  so  too ;  that  the  blessings  of  civilization  wiU  not  only 
be  extended  to  other  countries  and  other  nations,  but  that  even  in  our  own  land 
they  will  be  rendered  more  general  and  more  equable,  so  that  we  shall  not  see  before 
us  always,  as  now,  multitudes  of  our  own  fellow-countrymen  living  the  life  of 
savages  m  our  very  midst ;  neither  possessing  the  rough  advantages  and  real,  though 
coarse,  pleasures  of  savage  life,  nor  yet  availing  themselves  ot  the  far  higher  and 
more  noole  opportunities  which  lie  within  the  reach  of  civilized  man. 

The  Physical  Oeography  of  Nicaragua  with  reference  to  Interoceanic  Transit. 

By  Capt.  M.  F.  Maxtrf. 

The  great  importance  of  one  or  more  good  commercial  highways  across  Central 
America  being  adniitted,  the  question  resolved  itself,  besides  cost,  into  a  ques<* 
tion  of  the  facilities  of  ingress  and  egress  by  sea^  to  and  from  the  opposite  ter? 
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mini,— which  is  an  afiair  of  winds  and  cunenta.  Panama  has  the  adraatage  in 
ahortneea  of  Umd  .transit ;  Nicaraffua  in  winds^  tenninal  portSy  and  dimate.  As  a 
rule,  the  pievailing  winds,  in  the  belt  of  ocean  between  3o°  N.  and  36^  S.,  are  £ram 
the  eastwaidy  except  the  oelt  of  equatorial  calmsi  which  extends  acrosa  the  Pa- 
cific Looldsff  westwwdy  therefore^  towaids  Australia  or  Eastern  Asia,  Panania 
is  to  windward ;  the  commercial  routes  from  thence  westward  are  thus  to  leeward, 
whilst  the  return  y4^ages  are  to  windward.  Bv  making  a  detour,  the  return 
▼oyage  would  not  be  so  difficult,  but  other  physical  difficulties  stand  in  the  waj  cf 
navigation.  Panama  lies  in  the  equatorial  oelt  of  calm,  which  is  greatlj  widened 
on  the  Pacific  coast^  and  sailing^yessels  are  often  aetained  for  weeks  by  it 
H.M.S.  <  Herald '  was  cmoe  obliged  to  be  towed  by  a  steamer  for  700  milee  out  of  thifi 
ealm^belt  before  she  could  find  a  breeze.  Vessels,  therefore,  to  get  dear  of  the 
callus  in  the  season  in  which  thej  preyail,  even  when  their  destination  ia  aouth- 
waid,  are  obliged  to  move  up  the  coast  towards  Costa  Rica,  and  then  get  north- 
ward  imtil  they  reach  the  N.£.  trade- winds,  on  which  thej  aepend  for  getting  out 
to  sea,  dear  of  the  odms.  This  peculiar  feature  deddee  the  question  of  the  most 
desirable  route  across  the  Isthmus,  which  would  be  in  a  latitude  where  the  calms 
would  not  surround  the  port  of  the  Pacific  terminus,  and  so  cause  no  obstacle  to 
the  approach  vad  departure  of  sailing-yessels  throughout  the  year.  Seyeral  rout«e 
have  Deal  proposed  across  the  northern  portions  of  the  Isthmus,  lying  out  of  the 
xegion  of  catms.  On  an  examination  of  the  physical  conditions  of  each,  and  e^pe- 
dally  the  winds  at  the  ports  of  each  terminus,  the  author  gives  the  preference  to 
a  route  which  would  cross  Nicaragua  near  to  the  north-west  end  of  the  Lake  of 
Nicaragua,  and  -tenninate  at  the  Port  of  Realejo.  Bealejo  is  on  the  northera 
verge  of  the  tedious,  calms  of  Panama,  and  the  pomt  where  they  nearly  oeaae  to  be 
vexatious  to  the  navigator  at  any  season. 

International  Pre^Jdstorie  and  Anihropologteal  Congresi. 
Bv  Sir  R.  I.  Mu»CHi8oir,  Bart,  K,C.B.,  F.R.S. 
Sir  R.  I.  Murchison  read  a  letter  from  M.  Lartet  announcing  that  at  the  aittiiiff 
of  the  Jjitemational  Congress  of  Pre-historic  ArchsQology  and  Anthropologr*  held 
at  Paris  on  the  29th  of  August,  it  was  resdved  to  hold  the  Meeting  of  l668  m 
]&igland,  and  that  Sir  R.  L  Murchison  had  been  elected  President  thereof  Upon 
this.  Sir  Roderick  explained  to  the  Section  that  he  had  replied  to  M.  Lartet,  stat- 
ing that  he  was  under  the  necessity  of  declining  the  honourable  post  assigned  to 
him,  as  he  had  already  made  arrangements,  on-  account  of  the  state  of  his  health, 
to  be  absent  from  England  during  the  ensuing  summer.  He  therefore  suggested 
that  Sir  Oharies  Lyell,  Sir  J.  Lubbock^  Prof.  Busk.  Mr.  J.  Evans,  Mr.  Prestwich, 
and  Mr.  A.  Franks  should  be  a  Committee,  with  wnich  he  would  gladly  cooperate 
to  organize  the  arrangements  and  fix  the  place  and  date  of  meeting*. 

«^— — ^>-""*^^^ 

Observations  on  the  Livingstone  Search  Ea^pedition  now  in  progress. 
By  Sir  R.  I.  Murchisow,  Bart,,  K.C.B.,  LL.D.,  F.R.S. 
Sir  R.  Murchison  explained  at  some  length  the  various  reasons  which  had  led 
him  to  disbelieve  the  story  of  Dr.  Livingstone's  death,  as  narrated  to  the  Gonad 
at  Zanzibar  and  Dr.  Kirk  by  Moussa,  the  Johana  man,  the  sole  witness  of  the 
catastrophe.  Having  ^ven  several  proofs  of  the  mendacity  of  this  Mouasa,  he 
specially  dwelt  upon  his  gross  prevarication  in  having  given  to  one  of  the  sepoys 
of  the  expedition  an  account  of  the  death  of  Livingstone  entirely  difiering  ntun 
that  whicn  he  gave  to  the  Consul  at  Zanzibar.  Under  these  circumstances 
Sir  R.  Murchison  had  fdt  it  to  be  his  duty  as  President  of  the  Royal  (Geographical 
Society,  to  induce  the  Council  of  that  body  to  appeal  to  Her  ^utjesty's  Oovera- 
ment  to  fit  out,  at  small  cost,  a  searching-boat  expedition,  which,  to  their  great 
credit,  the  Admiralty  had  effectively  carried  out  He  described  the  pieced  struc- 
ture of  the  steel  boat  which  had  reached  the  Cape  of  Good  Hope,  to  be  thenre 
transmitted  to  the  mouth  of  the  Zambesi  river.    He  then  explained  how  it  was  to 

*  It  has  subsequently  been  arranged  that  Sir  John  Lubbock  is  to  be  the  President,  and 
(hat  this  GonsreM  will  assemble 'at  Norwidi  in  August  1868,  during  the  Meeting  of  tbe 
British  AssocMtion.^February  1868» 
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be  there  pnt  together  and  maimed  by  natives  under  the  command  of  Mr.  Young,  of 
the  Hoyal  Navy,  the  zealous  wariant  officer  who  had  during  upwards  of  two  yean 
commanded  the  *  Pioneer '  under  Dr.  livinffstone  himself.  With  two  other  accli- 
matized British  seamen,  and  accompanied  By  a  volunteer,  Mr.  Falkner,  Mr.  Yoimg 
was  directed  to  ascend  the  Zambesi  to  the  mouth  of  its  great  affluent  the  Shiie. 
There  the  boat  would  be  taken  to  pieces  and  carried  up  on  the  sides  of  those  great' 
and  long  rapids  to  which  Livingstone  had  attached  the  name  of  the  Murchison  trails, 
at  the  head  of  which  it  would  be  reconstructed  in  order  to  ascend  tiie  Shire,  to  the 
most  western  end  of  the  Great  Lake  Nyassa,  near  to  which  is  the  spot  where,  as 
re|>orted,  the  great  traveller  was  killed.  Having  ascertained  the  true  &cts,  it  was 
estimated  that  the  expedition  would  on  its  return  reach  the  mouth  of  the  Ziunbesi 
at  the  end  of  November,  and  hence  it  is  hoped  that  in  January  of  1868  the  painful 
suspense  of  the  public  will  be  set  at  rest*. 

'*  If^''  Sir  Roaerick  added,  "  we  can  only  ascertain  that  my  valued  friend  was 
not  killed  at  that  spot,  but  passed  on  towards  the  interior  accompanied  by  a  few 
negroes  only,  why  then  I  shaU  have  eveiy  hope  that  Livingstone,  who  can  overcome 
obstacles  that  not  a  man  in  a  million  can  face,  and  who  traversed  and  retraversed 
South  Africa  with  black  men  only,  having  been  also  reported  to  be  dead,  may  emerge 
from  all  his  difficulties,  and  settie  the  great  problem  now  in  agitation — ^whether 
the  vast  lake  Tanganyika  is  or  is  not  a  great  southern  water-basin  of  the  Nile." 

Description  of  Two  Routes  through  Nicaragua,    By  lient.  S.  P.  Oliver,  jR,A. 

The  author  described  a  journey  he  had  made,  between  the  months  of  February 
and  July  of  the  present  year,  up  the  river  San  Juan  in  Nicaragua,  and  across  the 
new  line  overlana,  between  the  Lake  and  the  Gulf  of  Mexico,  ^vniidi  has  just  been 
cleared  through  the  forest  in  preparation  for  a  railroad  projected  by  Capt  Bedford 
Pim.  The  tract  of  country  traversed  was^  until  the  jpreeent  expedition,  a  terra 
incognita,  occupied  by  vast  impenetrable  forests  of  gigantic  trees,  dense  under- 
wood, and  entangled  woody  creepers.  The  line  commences  on  the  Lake  of  Nica- 
ragua, at  San  Mig^elito,  and  ends  at  the  Rama  river,  in  the  Gkilf  of  Mexico.  At 
San  Miguelito,  the  variation  of  the  compass  was  ascertained  to  be  4°  90'  east. 

Exploration  of  the  Grand  Chaco  in  La  Plata,  with  an  Account  of  the  Indians. 

By  W.  PsBxiars. 

On  the  Mining  District  of  Cfhontalcs,  Nicaragua,    By  Capt.  Bxdtobd  Pik,  B,N 

In  its  phyiscal  aspect,  Nicaragua  may  be  divided  into  three  longitudinal  sec- 
tions : — 1.  The  Atlantic  side,  which  is,  for  the  most  part,  low  and  uluvial,  inter- 
sected bv  numerous  rivers,  having  bars  at  their  mouths,  with  lagoons  inside  affi)rd- 
ing  an  almost  uninterrupted  water  navigation.  The  land  is  everywhere  rich,  and 
well  adapted  to  the  proauction  of  Sea-Island  cotton.  2.  The  Pacific  side,  having 
precipitous  shores^  and  no  river  worthy  of  the  name.  The  region  is  eminentiy 
volcanic,  and  destitute  of  minerals.  A  curious  feature  is  the  number  and  extent 
of  the  laJces  spread  over  its  surface,  including  Lake  Nicaragua,  ninety  miles  wide 
by  forty  broad.  The  small  lake  Nijapa  presents  some  marked  peculiarities ;  the 
specific  gravity  of  its  water  is  1*8.  and  it  is  hot  to  the  taste,  acrid,  and  smelling  of 
sulphuretted  nydrogen.  It  is  oi  a  light  greenish-yellow  colour^  very  thick  and 
turbid,  and  on  being  kept  some  time  deposits  a  black  precipitate,  consisting  chiefly 
of  iron.  Some  of  the  lakes  are  fathomless,  and  pure  as  ciystal.  8.  The  last  sec- 
tion consists  of  the  dividing  ridge  between  the  other  two,  attaining  a  maximum 
elevation  of  6000  feet.  In  this  district  gold  and  silver  are  found,  and  in  its 
southern  part  lie  the  mines  of  Chontales.  A  dense,  unbroken  primeval  forest 
covers  the  greater  part  of  this  region,  containing  a  profusion  of  valuable  timber 
trees,  such  as  cedar,  mahogany,  sapota,  leopard  wood  for  cabinet  work^  canilla  (an 

*  It  is  now  happily  known  that  the  expedition  was  not  only  eminently  guooeasfiil  in  ne- 
gativing^the  accounts  of  the  death  of  Liringstone,  but  that  ererything  was  aooomplished 
within  the  eetimated  period,  thanks  to  the  sell  and  energy  of  Mr.  Young. — ^February  4, 
1868. 
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easily  worked  wood^,  venaca  (a  light  sort  of  boxwood).  &c.  Tbe  Atlantic  side  u 
yery  humid — indeed,  white  residents  jocularly  remark  tnat  it  rains  thirteen  montiu 
in  tke  year ;  but  it  is  not  unhealthy,  and  the  strong  north-east  trade-winds  temper 
the  heat  of  the  climate.  The  Pacific  coast  region  is  contrasted  with  the  opposite 
side  by  the  sharp  distinction  between  the  wet  and  dry  seasons,  and  the  aUmted 
growtn  of  the  trees.  Gold  was  first  discoyered  in  1850,  and  was  worked  in  a  rude 
manner  near  San  Juan.  It  was  not,  howeyer,  till  18&4  that  political  and  other 
circumstances  permitted  of  an  accurate  examination  of  the  mming  district  by  a 
party  sent  out  »om  England,  including  Mr.  W.  C.  Paul,  a  mining  en^[ineer.  "fhe 
exploration  of  the  forest-clad  district  commenced  at  San  Miguelito,  near  the 
western  extremity  of  Lake  Nicaragua.  A  narrow  tract  leads  hence,  via  Acojaps, 
Loyogo  and  Libertad,  to  the  mimng  district,  which  lies  a  little  to  the  east  of  the 
watershed  between  the  lakes  and  the  Atlantic,  and  near  the  Riyer  Mico,  a  branch 
of  the  BleWfields.  The  San  Juan  mine,  close  to  the  Mico,  was  examined,  and 
found  to  be  of  rich  promise,  but  the  method  of  working  it  was  yery  inefficient 
Holes  25  feet  deep  were  dug,  and  adits  driyen  on  each  side  of  them  until  water 
was  met  with,  which  caused  the  abandonment  of  the  excayation,  although  the  lode 
becomes  richer  as  depth  is  increased.  Various  excursions  were  made  in  the  yicinity 
of  Libertad,  and  the  existence  of  yaluable  lodes  of  gold  and  silyer  satisiactonly 
established.  The  Indian  yillage  of  Kinalala,  at  the  head  of  the  nayi^able  waters 
of  the  Blewfields  riyer,  is  the  nearest  point  of  embarkation  direct  for  tne  Atlantic 
The  absence  of  a  certain,  speedy,  and  secure  means  of  communication  with  tbe  sea- 
coast  is  the  only  serious  difficulty  which  mining  enterprise  will  haye  to  encounter 
in  the  deyelopment  of  these  newly  discoyered  mineral  resources  of  Nicaragua. 

On  (he  Colony  of  New  Scotland,  in  Southern  Africa,     By  J.  J.  Pratt. 

This  was  a  description  of  an  eleyated  district  on  the  eastern  slopes  of  the 
Drakensburgh  mountains,  north  of  Natal,  which  has  lately  been  opened  for  Euro- 
pean immigration  by  the  Goyemment  of  the  Trans- Vaal  Republic.  The  dimate 
was  descried  to  be  good,  and  the  land  suitable  for  pastoral  purposes. 

Eaeploration  of  the  Isthmus  of  Darien,  with  a  view  to  discovering  a  practical 
line  for  a  Ship  Canal,     By  M.  Lvcien  de  Putbt. 

This  paper  communicated  the  scientific  results  of  two  explorations  of  the  Isth- 
mus of  Darien,  made  by  the  author  in  the  years  1861  and  1866,  with  the  object 
of  discoyering  a  practicable  line  for  a  ship  canal  to  connect  the  two  oceans.     Ilia 
researches  in  the  first  expedition  were  directed  towards  the  line  proposed  some 
seyenteen  years  ago  by  Dr.  Cullen,  between  the  Gulf  of  St.  Miguel  and  Caledonia 
Bay,  which  had  been  msufficiently  explored  by  the  international  expedition  sent 
out  about  that  time.    The  result  of  this  first  journey  was  to  confirm  the  con- 
clusion arriyed  at  by  Mr.  Gisbom  in  1851,  namely,  that  no  practicable  line  exists 
for  an  interoceanic  canal  in  this  direction.    The  expedition  led  by  M.  de  Puydt 
thereupon  returned  to  France,  and  in  1864  he  was  charged  by  the  l^nch  Goyem- 
ment to  organize  another  party,  for  the  purpose  of  thoroughly  examining  the  low 
range  of  the  Andes  about  sixty  miles  to  the  south  of  the  former  line,  whei«  seyeral 
small  streams  discharge  themselyes  into  the  Atlantic,  near  the  northern  arms  of 
the  riyer  Atrato.     The  expedition  was  formed  in  New  Granada,  and,  after  a  toil- 
some exploration  of  seyeral  months,  in  1865  the  author  succeeded  in  discoyering 
a  break  in  the  Andes,  at  the  upper  course  of  the  riyer  Talela,  which  renders 
possible  the  long  desired  object    One  of  the  chief  obstacles  anticipated  was  the 
opposition  of  the  suspicious  and  warlike  Indian  tribes ;  but  M.  de  Puydt,  by  judi- 
cious management,  contriyed  to  enlist  their  goodwill  so  far  as  not  to  oppose  his 
desi^s,    although  they  refused  to  afibrd  him   any  assistance  or  information. 
Haying  landed  nis  party  and  mathiel,  he  ascended  the  Tanela  as  far  as  practi- 
cable, and  then  proceedea  to  clear  a  pathway  through  the  dense  forest  towards  the 
Cordillera.     The  laborious  task  occupied  about  a  month.    The  author  then  (Au- 
gust 25),  with  six  companions,  left  the  track,  and  threaded  the  forest  to  the  Siem 
de  Mali,  and  in  the  course  of  a  few  days  came  upon  a  break  in  the  ridge,  ele- 
yated only  from  100  to  140  feet  aboye  the  sea-leyel.    The  gap  was  trayersed,  and 
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from  it  an  uninterrupted  view  was  obtained  over  the  level  plains  of  Barien  towards 
the  Pacific  Ocean.  The  Tanela  was  found  winding  through  the  pass,  and  the 
stream  was  tracked  down  towards  the  level  country,  and  observations  taken  of  the 
velocity  of  its  current,  so  as  to  obtain  data  for  a  calculation  of  the  height  of  the 
itass.  The  paper  entered  into  ample  details  on  the  physicad  geography  of  the  At- 
lantic side  of  the  Isthmus,  on  the  soundings  in  the  Gulf  of  Uraba,  mto  which  the 
Atlantic  end  of  the  future  ship  canal  wUl  disembogue,  and  on  the  climate  and 
natives.    The  expedition  returned  to  Carthagena  on  the  3rd  of  September,  1865. 


Account  of  the  WUd  Indians  inhahiting  tJie  Forests  of  Huanta,  Peru, 

By  Professor  A,  Kaimondy. 

These  Indians  belong  to  the  tribe  of  Campos,  or  Antis,  and  are  found  scattered 
through  the  forests  of  Chunchamayo,  Jauja,  Pangos,  Huanta,  and  the  valley  of 
Santa  Ana,  near  Guzco.  They  occupy  the  country  along  the  shores  of  the  rivers 
Santa  Ana  and  Tambo,  to  the  p«int  at  which  thev  unite  to  form  the  Ucayali,  where 
the  territory  of  the  Chontaquinros  commences.  llie  Campos  are  of  medium  stature, 
although  some  few  are  taU :  one  man  measured  six  feet  (Spanish)  in  height.  The 
head  is  dolichocephalic  They  have  prominent  cheek-bones ;  nose  of  Roman  type, 
but  slightly  turned  up,  and  with  thick  septum ;  eyes  lively  and  expressive,  not  well- 
opened,  and  rather  oblique.  The  females  have  white  teeth ;  but  in  the  men  the 
teeth  are  dark,  caused  bv  their  continually  chewing  the  bark  of  a  species  of  Biguo- 
nia.  The  men  have  little  or  no  beard.  The  hair  is  black.  The  colour  of  the  face 
is  reddish  or  olive-coloured ;  but  in  children  it  is  nearly  white.  The  Campos  clothe 
themselves  with  a  wide  and  sack-like  garment  of  cotton,  neatly  woven  by  the 
women,  sometimes  having  stripes  of  a  reddish  colour.  It  reaches  down  to  the 
ankles,  and  has  sometimes  attached  to  it  a  kind  of  hood  for  the  head,  made  of  the 
same  material  Wherever  they  go  they  carry  with  them,  slung  over  the  back, 
a  large  cotton  bag,  the  chaqui,  which  contains  all  their  worldly  treasures,  and  is 
sometimes  ornamented  with  the  gav-coloured  feathers  of  birds.  The  bag  invariably 
contains  a  bamboo  box  filled  with  anatto  paste,  with  which  they  besmear  their 
faces  from  time  to  time,  so  that  the  natural  colour  of  the  face  is  seldom  seen,  the  con- 
tinual painting  of  the  skin  with  stripes  and  various  patterns  of  red  imparting  a  per- 
manent red  tinge  to  the  countenance.  Their  dwellings  are  smaU  and  reduced  to  a 
mere  thatch,  some  five  or  six  yards  in  length  by  four  in  width,  supported  on  poles 
fixed  in  the  ground.  Under  these  is  the  sleeping  apartment, — ^a  conical  hut,  made 
of  a  matting  of  palm-leaves,  and  looking  like  a  hen-coop.  In  this  confined  space, 
which  is  almost  hermetically  closed,  they  sleep,  five  or  six  together,  apparently 
piled  one  on  the  top  of  another,  to  protect  themselves,  as  they  say,  from  tbe  biteia 
of  bats.  When  the  nights  are  clear,  and  the  Campos  are  near  the  shores  of  a  river, 
they  leave  their  huts  and  sleep  in  the  open  air  by  the  side  of  a  fire,  lying  naked  on 
the  ground,  and  wrapping  their  feet  in  their  bags.  Whenever  the  author  arrived 
at  a  hut,  the  Campo  niisbaiid  would  always  make  a  si^  to  his  wife,  who  then 
brought  pine-apples  or  cooked  yucas  for  the  guest.  Their  main  food  is  boiled  and 
roasted  yuca  (the  root  of  Mamhot  tUtlmimajf  and  fish  or  beasts  of  the  chase,  as 
peccaries,  and  monkeys  of  various  species.  Their  language  is  soft  to  the  ear,  being 
full  of  vowels,  and  nearly  all  the  words  ending  in  t,  w,  or  o.  Their  mode  of  speak- 
ing is  gentle,  often  in  a  singing  tone,  as  if  supplicating.  There  are  times  when  their 
manner  of  talking  is  very  different,  and  in  a  loud  tone  of  voice.  This  happens  when 
they  have  not  seen  one  another  for  a  long  time.  Descending  the  Apunmac,  on  his 
journey  to  ascertain  its  point  of  junction  with  the  Mantaro,  the  autnor  arrived  one 
Bight  at  a  Campo's  hut.  His  party  had  hardly  landed,  when  the  Campos  who  ac- 
companied him  commenced  a  loud  parly  with  the  owner  of  the  establishment. 
The  conversation  was  long,  and  sustained  at  a  high  pitch  of  voice,  lasting  till  day- 
break the  next  morning.  The  subject  of  conversation  was  a  recital,  even  to  the 
most  trifling  matters,  of  everything  that  had  occurred  to  the  parties  since  they  last 
met.  The  Campos  count  only  up  to  four;  when  they  want  to  express  larger 
numbers,  they  hold  up  their  hands,  feet,  and  pieces  of  stone.  As  to  their  religion, 
no  idols  or  ceremonies  were  observed.  They  do  not  take  any  care  of  their  dead } 
stones  are  tied  to  the  corpse,  and  it  is  then  tnrown  into  the  nver.    If;  when  eating 
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yuca  or  plantain,  the  ants  eat  the  rind,  thev  believe  the  person  who  has  partaken 
of  the  food  will  fall  iU.  They  no  not  show  the  humility  of  demeanour  whicn  is  seen 
in  Indians  of  the  Quichua  race :  they  are  more  manl^,  looking  you  straight  in  the 
face  when  speaking.  The  autnor  paid  some  attention  to  the  form  of  the  cra- 
nium in  ^ese  Indian  tribes.  When  studying  skulls  of  ancient  Peruyians,  taken  from 
the  Huacasj  or  tombs  on  the  coast,  his  attention  was  drawn  to  the  position  of  the 
orifice  of  the  ear,  which,  far  from  being  situated  more  towards  the  posterior  part 
of  the  cranium,  as  in  European  nations,  appears  to  be  carried  forward  towards  tiie 
front.  Applying  this  same  observation  to  the  crania  of  the  wild  Indians  now  ex- 
isting, he  nouced  a  great  resemblance  to  those  of  the  ancient  race ;  both  show  a 
greater  development  of  the  posterior  part  of  the  brain  than  of  the  anterior.  Hid 
mode  of  measurement  was  by  striking  three  perpendicular  lines,  with  the  skull  in 
profile — one  passing  by  the  most  salient  part  of  the  forehead,  another  by  the  orifice 
of  the  ear,  and  the  third  by  the  most  projecting  part  of  the  nack  of  the  skulL  In 
a  Gampo  skull,  the  breadth  of  the  ante-auricular  part  was  76  millimetres^  and  that 
of  the  post-auricular  part  92  millimetres. 

On  the  Vlalchs  of  Mount  Pindus, 
By  Major  Kobebt  Stuart,  C.5.,  F,R.G,S, 

There  are  fair  grounds  for  believing  that  the  Findic  Ylakhs  are  descendants 
of  one  or  more  of  those  tribes  which,  in  the  fifth  and  succeeding  centuries,  were 
driven  from  their  homes  on  the  Lower  Danube  by  the  incursion  of  overpowering 
hordes  from  the  north  and  east.  Their  language,  although  corrupt  and  debased 
with  alloys  of  Sclavic,  Greek,  and  Turkish,  still  retains  the  essential  characteristics 
of  a  Latin  dialect ;  and  the  syntax  and  inflections  of  the  verbs  still  conform  in  a 
renmrkable  degree  tp  the  ancient  model.  Heads  and  faces  of  unquestionably  Roman 
t^n^  are  founa  amongst  them.  Sixtv  years  ago  there  were  aoout  500  Vlakhiote 
villages,  none  very  small,  dispersed  tnroughout  the  mountains  of  Epirus^  Thessaly, 
and  Macedonia.  At  present  it  would  be  difficult  to  reckon  up  half  that  number, 
and  the  population  nas  dwindled  to  about  45,000  souls.  Ori^ally  a  pastoral 
people,  they  have  gradually  become  traders,  and  most  of  their  chief  towns  are  now 
centres  of  commerce  and  industry.  These  are  Vlakho-Livadhi,  near  Moimt  Olympus, 
Vod£opolis  of  the  Dessarets,  Metzovo,  Syraku,  and  Calabrites.  In  the  be^imiing 
of  the  present  century,  Calabrites  counted  nearly  600  families,  and  it  became  known 
throughout  the  Levant  for  the  industry,  enterprise,  and  literary  culture  of  its  in- 
habitants. They  were  self-governed,  and  free  of  all  Turkish  imposts  by  paying  a 
fixed  and  moderate  annual  tribute.  This  state  of  things  became  changed  arcw 
years  later,  by  the  tyrannous  intervention  of  All  Pasha  Tepeleni,  under  whose  rapa- 
cious exactions  the  community  rapidly  sunk  into  poverty  and  ruin.  The  story  of 
Calabrites  is,  with  slight  variation,  that  of  most  of  the  chief  towns  of  the  western 
Vlakhs.  Metzovo  was  founded  by  a  Vlakh  colony  as  early  as  the  tenth  centiuy. 
It  now  contains  770  houses,  and  is  the  chief  town  of  the  Pindic  Ylakhs.  For 
several  centuries  the  Vlakhs  have  been  staunch  in  their  adherence  to  the  Eastern 
Church.  In  every  central  village  a  school  is  maintained  at  the  expense  of  the 
community,  the  course  of  instruction  embracing  modem  Greek,  reading,  writing, 
and  the  first  rules  of  arithmetic.  Eut  education  is  confined  to  the  male  sex.  The 
Vlakh  woman  is  treated  as  an  inferior  being,  and  from  early  years  is  habituated  to 
drudgery  and  toil:  she  is  naturaUy  robust  and  handsome.  Nmnbers  of  Vlakh 
women  come  every  autumn  to  Janina,  where  they  contend  with  the  Jews  as  street- 
porters.  Like  all  other  pastoral  tribes,  the  Vlakhs  have  their  music ;  and  their 
favourite  instrument  is  a  pipe  ((ftkoytpa),  made  from  the  wing-bone  of  a  vulture, 
open  at  both  ends,  and  pierced  with  six  holes,  all  on  the  same  side.  The  player 
inserts  one  end  into  the  side  of  the  mouth,  and  produces  notes  which  may  be  varied 
from  sharp  and  shriU  to  soft  and  pleasing.  The  nomade  Scythians  of  old  used  to 
play  on  a  similar  instrument  The  Vlakns  are  superior  to  the  Greeks  in  foresight, 
perseverance,  and  application.  The  lineaments  oi  the  old  race  are  not  yet  lott. 
Though  auiet  and  inofiensive,  when  roused  to  action  they  give  proo&  of  great 
daring  and  enterprise. 
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On  the  Districts  of  Palestine  as  yet  imperfectly  colored. 
By  the  Rev.  H.  B.  Tbistbak,  F,L8, 

A  Peruvian  Rvpedition  up  the  Rivers  Ucayali  and  Pachitea. 
By  Messrs.  Wallace  and  Matite. 
In  June  1866  the  Peruvian  Government  sent  a  steamer  from  their  establish- 
ment at  Iquitos,  on  the  Upper  Amazons,  to  ascend  the  Pachitea,  an  affluent  of  tha 
Ucayali,  with  a  view  to  ascertaining  whether  a  free  communication  could  bo  dis- 
covered by  water  to  the  town  of  Mayro,  in  Southern  Peru,  at  the  foot  of  the 
Andes,  east  of  Lima,  Two  of  the  officers,  Tavira  and  West,  were  killed  and  de- 
voured on  the  banks  of  the  Pachitea,  by  the  savage  cannibal  Indians  of  the  Cashibo 
tribe  ]  and  in  November  of  the  same  year  a  second  expedition  in  three  steamers 
was  sent,  with  the  double  purpose  of  avenging  the  death  of  the  officers  and  com- 
pleting the  exploration.  The  expedition  waa  successful ;  the  Indians  were  severely 
punished,  by  an  armed  party  landing  in  the  forest  and  burning  their  villages ;  and 
the  steamers  continued  up  the  Pachitea  and  Palcazu  until  they  reached  Mayro, 
thus  settling  the  practicability  of  a  route  by  water  between  Mayro  and  the  mouth 
of  the  Amazons — a  distance  of  3023  miles.  Mayro  is  said  to  De  325  miles  from 
Lima,  and  the  Government  have  ordered  a  road  to  be  made  between  the  two 
places.  Mr.  Wallace,  one  of  the  authors  of  the  paper,  is  an  English  engineer  in 
the  service  of  Peru.  The  lowest  depth  of  water  found  on  the  journey  was  two 
fathoms,  and  the  river  in  its  narrowest  parts  was  80  feet  broad. 

JRecent  Discoveries  in  and  around  the  Site  of  the  Temple  at  Jerusalem, 

By  Capt.  C.  W.  Wilsok,  R,E, 

This  paper  gave  a  detailed  description  of  the  examination  made  by  Lieut  War- 
ren of  tne  inclosure  Haram  esh  Shariif,  which  contains  within  its  walls  the  site  of 
the  Jewish  Temple,  and,  as  some  hold,  also  that  of  the  Holy  Sepulchre.  With  the 
exception  of  a  deep  hollow  in  front  of  the  Golden  Gate,  a  slight  rise  towards  the 
north-west  comer,  and  the  raised  platform  in  the  centre,  the  surface  of  the  area  is 
almost  level,  and  has  an  elevation  of  2410  feet  above  the  sea-level.  During  the 
progress  of  the  survey  a  large  arch,  connecting  the  Haram  area  with  the  causeway, 
was  discovered  north  of  the  Wailing  Place.  The  arch  is  one  of  the  most  perfect 
and  magniiicent  remains  in  the  city.  Much  information  was  also  obtained  con- 
cerning the  ancient  water-supply,  which  was  admirably  arranged.  The  water  was 
brought  by  an  aqueduct  from  tne  Pools  of  Solomon,  and  stored  in  rock-hewn  cis- 
terns, with  connecting  channels  and  arrangements  for  overflow.  Several  of  the 
cisterns  were  found  to  be  of  great  size,  varying  from  twenty-five  to  lifty  feet  in 
height.  

Report  of  the  Rtlestine  Exploration  Fund,     By  Capt.  C.  W.  Wilsok,  R,E, 

This  Heport  was  confined  to  a  statement  of  the  manner  in  which  the  sum  of  £100, 
granted  last  year  to  the  Fund  by  the  British  Association,  had  been  expended. 
Half  of  it  had  been  applied  towards  pairing  the  expenses  of  Lieut.  Warren,  R.E., 
who  had  charge  of  the  second  expedition  sent  out  by  the  Society.  The  results 
nii^ht  be  stated  as  follows :  the  construction  of  a  map,  on  a  scale  of  one  inch  to  a 
mile,  of  the  highland  districts  of  Judea,  to  the  north-east  and  south-west  of  Jeru- 
salem y  of  the  Jordan  valley  for  about  sixteen  miles  north  of  the  Bead  Sea ;  and  of 
a  large  portion  of  the  plams  of  Philistia.  These  surveys,  combined  with  those 
made  in  1805-06  by  Wuson  and  Anderson,  gave,  for  the  first  time,  materials  for  a 
correct  map  of  more  than  three-fourths  of  the  Holy  I^and,  and  do  much  towards 
removing  tlie  reproach  that  no  trustworthy  map  existed  of  this  most  interesting 
country.  The  second  half  of  the  grant,  applied  to  the  purchase  of  meteorological 
instruments,  had  been  expended  under  tne  superintendence  of  Mr.Glaisher,  and  four 
sets  of  instruments  had  been  sent  to  different  cities  in  Palestpie.  The  observations 
taken  at  these  places  will,  combined  with  those  taken  at  Jerusalem,  fonu  the  basis 
of  an  accurate  knowledge  of  tlie  climate  of  the  Holy  Laud,  so  remarkable  in  many 
respects. 

9* 
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ECONOMIC  SCIENCE  AND  STATISTICS. 
Address  hy  M.  E.  Grant  Dufp,  M,l\y  President  of  ike  Section. 

Ladies  and  Gentlemen, — It  has  been  the  custom  to  open  the  proceedings  of  this 
Section  by  an  address,  and  it  has  been  the  custom  that  that  address  should  be  a 
brief  one.  I  propose,  with  your  permission,  to  follow  both  these  good  customs. 
This  department  of  the  British  Association  differs  from  the  others.  They  are  oc- 
cupied exclusively  with  the  study  of  external  nature.  We  are  occupied,  as  has  been 
triQy  said,  with  external  nature  only  in  so  far  as  it  exerts  an  miluence  on  the 
human  mind.  They  treat  of  physical  sciences.  Our  Section  throws  its  roots,  so 
to  speak,  deep  down  among  tlie  physical  sciences,  but  is  itself  devoted  to  moral 
science.  Looked  at  in  another  light,  our  pursuits  form  the  debateable  land  between 
the  men  of  thought  and  the  men  of  action.  In  theory,  of  course,  we  are  given  up 
exclusively  to  the  examination  of  things  as  they  are  to  science.  But  do  w©  not 
continually  stray  over  the  border  line,  and  wander  into  the  consideration  of  thingi 
as  they  dwuld  he  into  the  domain  of  the  art  of  lepslation  and  Government  ?  Those 
who  are  familiar  with  the  proceedings  of  this  Section  vdll  not,  I  think,  say  No ;  and 
this  intermediate  character  of  our  department  accounts,  I  suppose,  for  the  fact  that 
it  is  from  time  to  time  presided  over  by  Members  of  Parliament,  who,  votaries  of 
practical  politics,  cannot  pretend  to  be  teachers  of  the  sciences  with  wbich  this 
Section  is  concerned ;  cannot  even  pretend  to  be  the  fellow-labourers  of  some 
whom  I  see  around  me,  but  are  content  be  in  this  field  their  disciples  and  fol- 
lowers. The  British  Association,  founded  in  ISiil,  was  one  of  the  results  of  that 
gi-eat  upheaval  of  the  national  mind,  of  which  the  political  change  which  makes 
the  year  1832  so  famous  was  perhaps  the  most  conspicuous  symptom.  The  founda- 
tion of  the  Statistical  Societv,  and  of  our  own  Section,  both  of  which  I  taiist  have 
done  something  to  help  on  the  forward  movement  of  the  time,  came  shortly  after- 
wards, and  the  latter  of  these  events  must  have  very  nearly  Sjpchronized  with  the 
commencement  of  that  remarkable  reactionary  movement,  which,  taking  its  rise  in 
the  common  room  of  Oriel,  has  since  so  widely  and  variously  influenced  l!Ji|gli6h  life. 
An  eminent  living  writer  might  find  perhaps  in  this  fact  another  illustration  of  the 
operation  of  Systole  and  Diastole  in  iiuman  affairs.  Up  to  1856,  this  Section  was 
exclusively  occupied  with  statistics.  In  that  year,  the  centenary  of  the  publica- 
tion of  Quesnay's  Maximes  Ocfierales,  and  80  vears  after  the  appearance  of  Adam 
Smith's  great  work,  the  kindred  subject  of  Economic  Science  was  wisely  added 
to  our  programme.  Now,  then,  we  ai'e  the  Section  of  Economic  Science  and 
Statistics.  What  do  these  terms  mean,  and  with  what  sort  of  subjects  will  chance 
visitors  who  stray  into  these  regions  from  more  popular  Sections  find  us  dealing 
during  the  next*  few  days  ?  Thev  will  find  us,  in  our  character  of  students  of 
Economic  Science,  dealing  with  all  the  phenomena  which  attend  upon,  and  the 
principles  which  regulate  the  production,  the  distribution,  and  the  exdiange  of 
wealth.  If  they  are  quite  unfamiliar  with  those  inquiries,  they  may  come  preju- 
diced against  us  as  cold,  and  hard,  and  selfish.  We  deserve,  gentlemen,  no  such 
character.  The  considerations  to  which  we  call  attention,  the  laws  which  we 
point  out,  must  be  taken  account  of  by  the  most  humane  and  by  the  most  imagina- 
tive, if  their  attempts  at  world-bettering  are  not  to  shiver  agamst  the  realities  of 
life.  All  human  society,  as  has  been  well  'said,  rests  on  a  material  foundation,  '*  and 
beneath  all  systems  of  (Tovernment,  and  all  schemes  of  public  morality,  there  lies 
the  science  of  the  wealth  of  nations."  The  laws  which  we  enunciate  are  no  more 
and  no  less  hard  or  imperative  than  any  of  the  laws  with  which  other  Sections 
have  to  do.  "  What,*'  asked  Mr.  Mill  in  the  House  of  Commons  last  year,  '*  is 
more  unfeeling  than  the  attraction  of  gravitation  P  '*  If,  however,  gentlemen,  we 
claim  for  Economic  Science  a  very  high  place,  we  do  not  exaggerate  its  importance. 
No  wise  economist  ever  pretended  to  explain  more  than  a  very  limited  number  of 
the  complicated  probl'^ms  of  society  and  life.  No  wise  economist  ever  laid  himself 
open  to  the  denunciations  levelled  oy  M.  Edgar  Quinet  in  his  recent  brilliant  work 
on  the  French  Revolution  against  those  who  fondly  fancy  that  they  can  account  on 
economical  principles  alone  for  that  great  moral  and  political  earthquake.  There 
"**relv  never  was  a  time  in  which  it  was  more  plainly  necessary  to  popularize  this 
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science.    We  are  told  by  alaimifits  that  one  of  the  results  of  Eeform  will  be, 
that  many  matters  which  were  considered  settled  will  be  reopened,  that  Protec- 
tion will  Bjgpain  raise  her  head,  and  that  the  ghosts  of  old  fallacies  will  come  back 
to  gibber  in  the  House  of  Commons.    I  am  one  of  those  who  think  such  fears 
wildly  exaggerated ;   but  surely  the  mere  possibility  of  our  people  lapsing  into 
heresies  such  as  those  which  have  seduced  men  of  our  race  in  America  and  Aus- 
tralia should  warn  us  to  difiuse  far  and  wide  the  broad  results  of  Economic  Science. 
It  is  to  be  feared  that,  even  in  circles  where  we  might  expect  better  things,  there 
ifi  a  very  considerable  misconception  about  the  real  teachings  of  economists.    Who 
can  forget  the  opposition  that  was  excited  by  Mr.  Oobdcn's  negotiations  in  France, 
as  if,  forsooth,  he  of  all  men  was  going  to  be  false  to  the  principles  by  the  advo- 
cacy of  which  he  had  put  himself  in  the  first  rank  of  contemporary  statesmen  P   Is  it 
surprising  that  there  should  be  so  much  hesitation  about  the  acceptance,  I  do  not 
sav  of  the  mere  fact  of  free  trade,  but  of  some  of  its  consequences  ?    Count  up  the 
scnools  in  which  an  attempt  is  made  at  giving  even  a  glimpse  into  Economic 
Science.    There  are  distinguished  professors  at  both  Oxford  and  Cambridge,  but 
how  many  men  are  there  who  leave  the  great  English  Universities  with  any 
knowledge  of  it  ?    The  Scottish  Universities  do  very  little  for  this  peculiarly  Scot- 
tish science.    I  do  not  think  I  am  wrong  in  believing  that  no  lectures  on  political 
economy  are  ever  delivered  even  in  the  most  laborious  and  distinguished  ot  Oxford 
Colleges,  the  college  of  Adam  Smith.    Of  the  two  economical  questions  to  which 
your  JPresident  alluded  last  year,  as  to  those  which  were,  for  the  moment,  chiefly 
occupying  the  minds  of  men — ^the  question  of  our  coal  supply,  and  the  state  of  the 
money  market — the  first  will,  no  doubt,  slumber  till  the  report  of  the  Hoyal  Com- 
mission is  given  to  the  world.     The  other  still  attracts  attention,  but  the  "  wheel 
has  come  full  circle,''  the  periodical  reaction  has  set  in,  and  the  vast  pile  of  gold 
mounts  dailv  higher,  waiting  for  the  spirit  of  confidence  to  return.     Another  econo- 
mical question  has,  however,  come  in  these  last  few  months  into  great  and  painful 
prominence.    I  allude,  of  course,  to  the  question  of  Trades  Unions,  and  to  the  rela- 
tions of  capital  and  labour.    The  unhappy  contests  between  these  natural  allies  is 
not  the  only  joint  in  our  armour.     Many  eminent  men  have  been  declaring  that 
England  is  falling  behind  other  nations  in  the  industrial  race,  and  that  a  better 
and  more  extended  technical  education  has  become  a  necessity.    All  attempts, 
however,  to  give  a  good  technical  education  will  break  down  if  we  do  not  imitEite 
Switzerland  and  Germany  in  creating  a  really  good  system  of  elementary  and 
middle-class  education.    That  is  the  soil  in  which  technical  education  must  grow, 
and  at  present  that  soil  is  woefully  thin  in  many  places.   Fortunately,  however,  the 
public  mind  is  becoming  familiarized  with  the  idea  of  an  educational  rate ;  and 
if  we  have  an  educational  rate  to  assist  the  poorest,  why  not  a  system  of  graded 
schools  to  which  all  classes  may  repair  if  they  see  fit,  and  through  which  a  ladder 
may  be  built  by  which  merit  may  climb  to  the  high  places  of  society.    How  long 
will  Engli^  mrmers  go  on  paying  tliat  the  children  of  their  labourers  may  be 
educatea  better  than  their  own  r    Amongst  the  measures  of  the  late  session,  in 
which  this  Section  may  be  supposed  to  take  peculiar  interest,  was  the  extension 
to  aU  trades  of  the  principle  of  tne  Factory  Acts — these  Acts  which  for  more  than 
one  generation  were  so  stoutly  resisted  m  the  name  of  Political  Economy,  but 
which  enlightened  theory  approves  and  which  experience  has   justified.     The 
comparative  ease  with  which  the  bills  of  last  Session  ptisscd  was  creditable  to  the 
Government,  creditable  to  the  interests  afiected,  ond,  above  nil,  creditable  to  Mr. 
Henry  Bruce,  the  Vice-President  of  the  Council  in  the  late  Administration,  whose 
abnegation  of  self  in  the  willing  support  which  he  gave  to  Bills  with  which  his 
own  name  will  not  be  associated,  was  as  remarkable  as  it  is,  I  fear,  rare  amongst 
politicians  of  any  party.     If  it  is  easy  to  give  a  definition  of  our  work  as  students 
of  Economic  Science,  which,  although,  of  course,  liable  to  be  pulled  to  pieces  by 
critics,  may  be  taken  as  fairly  correct,  how  diflorcnt  is  the  case  with  our  work  as 
Statisticians  ?    Who  can  deiino  Statistics  ?    "  Quicquid  agunt  homines  "  in  so  far 
as  it  is  susceptible  of  being  recorded  and  expressed  numerically.    That  definition 
might,  perhaps,  be  accepted  by  some,  but  there  would  be  many  gainsavers.    Two 
sets  of  men  long  disputed  as  to  which  of  them  was  most  entitled  to  the  name  of 
Statisticians.  There  were  those  who  considered  Statistics  to  be  equivalent  to  what 
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used  to  be  called  ^*  Political  Arithmetic."   There  were  those  who,  appealing  to  the 
etymology  of  the  word  Statistics^  and  recalling  the  history  of  the  science,  thought 
that  they,  and  thej  alone,  were  entitled  to  represent  themselves  as  the  sucoeasors 
of  the  great  Qottingen  professors  who  first  gare  a  systematic  form  to  this  kind  of 
inquiry.  The  victory  has,  for  all  practical  purposes,  remained  with  the  first  of  these 
two  bodies  of  disputants ;  that  is  to  say,  the  science  naturally  tends  to  become 
more  definite  and  precise,  to  restrict  itseli  more  and  more  within  the  circle  of  tha«^ 
facts  which  can  be  recorded  and  tabulated.    The  statistician  has  scarcely,  perhapj>f 
had  so  many  hard  words  thrown  at  him  as  his  cousin  the  economist ;  but  he  has 
all  along  been  coupled  with  that  impopular  character  in  public  disfavour.     Those 
who  know  nothing  else  of  Mr.  Burke  know  his  sentence  about  "  sophists,  econo- 
mists, and  calculators.^'     I  even  remember  seeing  it  quoted  in  a  letter  from  an 
innkeeper  who  had  been  remonstrated  with  on  account  of  an  extortionate  bilL 
The  statistician,  however,  no  less  than  the  economic,  can  say  something  in  his 
own  justification.   Have  not  vital  statistics  done  much  to  diminish  the  uncertainty 
in  providing  for  families  which  used  so  much  to  increase  the  anxieties  of  the 
traoing  and  professional  classes  P    Have  not  sanitary  statistics,  even  within  the 
last  few  years,  added  ver^  much  to  the  length  and  comfort  both  of  civilian  and 
military  life  P    Have  not  judicial  statistics  done  their  part  in  leading  the  public  to 
accept  the  doctrine  at  which  the  most  enlightened  crimmalists  had  already  arriTed 
by  other  paths — ^that  crime  is  best  repressed,  not  by  severe,  but  by  rapid  and  ceilAin 
punishment  P    Are  not  educational  statistics  at  this  very  moment  convincing  all 
intelligent  persons  in  Great  Britain  that  we  must  at  length  make  ''  a  long  pull,  a 
strong  pull,  and  a  pull  altogether,"  to  get  at  least  a  modicum  of  education  con- 
veyed  to  tne  whole  people  P    And  while  I  speak  of  educational  statistics,  it  may 
not  be  amiss  to  recall  one  curious  instance  of  the  want  of  them  which  was  lately 
pressed  on  the  attention  of  Parliament.     A  highly  intelligent  witness  from  Oxford, 
examined  before  the  Committee  which  lately  sat  to  inquire  into  the  educational 
sy,'?tcra  pursued  at  the  two  great  English  l/nirersities,  admitted  that  there  was 
not  at  this  moment  any  ofiicial  document  in  existence  from  which  the  public 
could  arrive  at  an  idea,  oven  approximately  correct,  of  the  vast  revenues  of 
Oxford  and  her  colleges — revenues  which  only  required  to  be  used  in  the  spirit  of 
her  worthier  sons  to  make  her  incomparably  the  most  efficient,  as  she  is  incom- 
parably the  wealthiest,  university  in  the  world.     Surely  it  is  monstrous  that  wo 
can  with  the  greatest  ease  find  the  revenue  and  the  expenditure  of  the  University 
of  Berlin  down  to  the  last  dollar,  and  are  unable  to  arrive  at  even  a  tolerable  guess 
as  to  the  revenue  and  expenditure  of  a  similar  institution  in  our  own  island. 
The  importance  of  military  and  naval  statistics  need  not  be  urged.     Would  that 
the  most  striking  result  of  inquiries  into  them  could  be  brous^ht  home  to  all  minds  I 
Would  that  every  one  realized  the  fearful  loss  which  the  vast  armaments  now  kent 
up  are  entailing  upon  Europe  I    Would  that  the  people  of  this  quarter  of  the  glote 
would  awake  to  the  danger  of  being  surpassed  in  all  the  arts  or  peace  by  the  great 
nation  on  the  other  side  of  the  Atlantic  1      An  American  pohtician  came  "back 
last  autumn  from  Prussia,  declaring  that  it  was  impossible  to  walk  ten  yards  in  a 
Prussian  town  without  meeting  a  soldier.    An  English  politician  came  back  at  the 
same  time  from  the  United  States,  declaring  that  he  had  traversed  the  countn.'- 
from  end  to  end  without  seeing  even  a  single  soldier.    When  will  monarchs  and 
cabinets  and  popular  assemblies  learn  that  old  wisdom  of  William  III.,  that  tbat 
nation  will  hold  the  balance  of  power  which,  in  proportion  to  its  strength,  "  has 
economized  its  material  resources  to  the  highest  point,  and  acquired  the  highest 
degree  of  moral  ap/Cendancy  by  an  honest  and  consistent  allenance  to  the  laws  of 
morality  in  its  domestic  policy  and  in  its  foreign  i-elationsP  "  It  would  not  be  difit- 
cult  to  point  out  the  obvious  and  palpable  advantages  that  arise  to  the  community 
from  otner  branches  of  statistical  inquiry ;  but,  in  truth,  there  is  no  need,  for  cavil- 
lers would  be  silent,  if  not  convinced,  were  it  not  that  our  own  friends  sometimes 
give  an  occasion  to  the  enemy.    To  attempt  to  draw  from  statistical  facts  inferences 
which  they  will  not  bear — to  resolve  the  whole  play  of  social  forces  into  a  mere 
question  of  numbers  and  averages — ^to  pretend  that  figures  governed  the  world,  in- 
stead of  merely  helping  us  to  imderstand  how  it  is  governed,  is  simply  to  injure  tiie 
oause  which  we  profess  to  defend.    Those  who  act  in  this  way  are  almost  as  mis- 
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cliieyoiui  as  those  whoso  reckless  abuses  of  statistical  methods  have  given  point  to 
the  sneer  that  nothing  is  #o  false  as  figures  except  facts — the  Rigbya  of  political 
life,  who  manipulate  their  figures  with  a  view  not  to  arrive  at  truth,  but  to  obtain 
a  controversial  success.  There  is  no  poorer  triumph  than  such  a  one  as  this,  for 
there  is  none  easier ;  unlesS|  indeed,  it  be  the  triumph  attained  by  fifth-rate  theo- 
logpans  when  they  quote  isolated  texts  against  each  other,  and  each  remains,  in  the 
opinion  of  his  followers,  the  master  of  the  unhonoured  and  unprofitable  field  of 
strife.  It  is,  however,  vain  to  argue  against  anything  because  it  may  be  abused. 
Of  course,  a  man  who  deals  with  statistics,  in  the  spirit  of  the  saying,  ^'  Tant  pis 

Eour  les  faits,"  can  make  them  prove  anything ;  but  surely  no  saying  can  be  further 
*om  bein^  the  expression  of  the  temper  of  any  man  who  nas  a  nght  to  call  himself 
a  statistician.  Perfect  openness  of  mind,  a  determination  to  receive  every  fact  with 
e^ual  favour,  a  determination  to  restrain  not  only  aJl  the  ordinary  disturbing  preju- 
dices, but  even  that  love  of  hasty  generalization  which  is  characteristic  of  many  tine 
intellects,  a  spirit  resigned  to  coUect,  one  by  one,  the  stones  of  the  temple  which 
a  successor  may  build  up, — ^these  are  the  marks  of  a  true  student  of  this  science.    I 
have  said  something  about  popularizing  economic  science.    Argumentii  not  less 
strong,  though  different,  might  oe  alleged  in  favour  of  popularizing  statistics.    It 
is  in  this  department  that  we  shidl  find  the  real  value  of  those  men  whose  habits 
of  mind  lead  them  to  take  what  I  may  call  the  old  view  of  the  science,  the  view 
which  found  favour  with  Schlozer,  when  he  said,  "  Statistics  are  history  in  repose ; 
history  is  statistics  in  motion.'^    The  more  the  science,  properly  so  called,  with- 
draws itself  up  the  heights  of  knowledge,  the  more  necessary  will  it  be  to  have 
messengers  constantly  passing  to  the  plains  below.    It  is  satismctory  to  see  useful 
manuals  of  statistics  being  gradually  multiplied  and  getting  down  into  general  cir- 
culation. The  historical '  Almanach  de  Gouia'  has  been  mother  of  a  numerous  pro- 
geny, amongst  which  not  the  least  useful  is  the  Belgian  'Annuaire'  of  Scheler,  and 
Its  younger  sister  in  our  own  coimtry,  the  '  Statesman's  Year  Book.'    It  is  strange 
that,  while  France  has  in  a  kindred  class  of  literature  her  excellent  *  Annuaire 
des  Deux  Mondes,'  and  Germany  her  '  Europaischer  Gelchichtskaleuder,'  we  have 
nothing  more  cosmopolitan  than  our  very  parochial  Annual  Register.    An  idea 
which  was  some  years  ago  put  forward  in  the  '  Saturday  Review,'  that  it  would 
be  expedient  to  bnng  out  a  series  of  politico-historical  Cmnpanions  to  Mr.  Murray's 
hand-books,  has  not  yet  been  acted  upon,  but  the  realization  of  so  reasonable  a 
project  is  surely  only  deferred.     One  ot  the  gi'eatest  attractions  of  this  science  is 
undoubtedly  its  international  character.    The  first  impulse  of  a  statistician  who 
has  arrived  at  what  appear  to  him  satisfactory  results  with  regard  to  a  group  of 
facts  and  figures  in  his  own  country,  is  to  see  how  his  conclusions  are  afi'ected  by 
similar  groups  of  facts  and  figures  in  other  countries.    In  so  doing,  he  is  necessarily 
brought  into  connexion,  not  only  with  foreign  knowledge,  but  with  forei^  men  of 
activity  and  intelligence,  and  so  becomes  one  more  link  m  the  chain  that  is  binding 
into  our  sreat  confederation  the  progressive  nations  of  the  globe.    But  I  am  for- 
getting tnat  I  promised  to  adhere  to  the  good  custom  of  being  brief.    During  the 
next  week  we  shall  listen  to  many  papers  upon  most  important  subjects,  both  in 
our  character  of  economists  and  statisticians.    I  trust  we  shall  not  only  bring  to 
all  an  open  and  unprejudiced  mind,  but  recollect  the  precept  of  the  Pynrhonists,  "  Be 
sober,  and  remember  to  doubt."     Working  in  this  spirit,  we  may  perhaps  square 
a  stone  or  shape  a  rafter  which  some  future  "  master  of  those  who  know  "  may 
use  in  building  up  a  system  of  politics  which  may  do  as  much  honoiu  to  the  nine- 
teenth century  after,  as  did  that  of  Aristotle  to  the  fourth  century  before  the 
Christian  era. 

On  Productive  Labour  in  Prisons  as  associated  with  the  Reformation  of  Cri^ 

minah.     By  Sir  John  Bowbing,  LL,D.y  F,B.8. 

The  author  read  a  paper,  accompanied  by  the  statistics  of  twenty-one  prisons  in 
Great  Britain,  with  the  purpose  or  showing  that  profit-giving  labour  in  gaols  was 
an  all-important  auxiliary  for  producing  reformation  among  criminals.  He  stated 
that  the  Act  of  Parliament  in  1365,  which  was  intended  to  regulate  all  the  prisons 
of  England,  had  left  incredible  incongruities,  discrepancies,  and  contradictions  in 
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various  localities,  and  under  the  different  opinions  and  practices  of  visiting  magis- 
trates, lie  showed  that  the  character  of  tue  law  was  far  less  influential  than  the 
mode  of  administration — that  the  statistics  of  prisons  have  no  uniform  character, 
no  common  system  of  accountancy — that  the  returns,  when  accessible,  are  fre- 
Guentlv  unintelligible— that  the  amount  of  infliction  and  the  mode  of  punishment 
depend  much  more  on  the  practice  of  the  local  magistracy  than  on  the  award  of 
the  judges,  and  that  parliamentary  requirements  are  utterly  inoperative  where  the 
inefliciency  or  resistance  of  prison  officials  are  associated  with  indifference,  roatine 
habits,  or  erroneous  notions  on  the  part  of  the  justices.  A  committee,  of  which  Sir 
John  was  chairman,  was  established  by  order  of  the  Court  of  Quarter  Sessions  in 
Devon,  to  ascertain  whether,  under  the  conditions  of  the  existing  Acts  of  Parlia- 
ments, prison  labour  could  be  made  remuneratory,  and  at  the  same  time  reforming. 
The  Devon  County  Prison  presents  one  of  the  most  remarkable  instances  of  the 
utter  waste  of  labour— of  tne  repudiation  of  labour  as  a  means  of  instructiiig  and 
moralizing  the  convict — of  the  mdiscriminating  application  of  what  is  called  the 
deterrent  system  in  all  its  bitterness  and  severity ;  grounded  on  the  theory  that  the 
criminal  ought  never  to  be  the  subject  of  pity,  but  only  of  punishment—that  the 
prison  is  to  be  no  school  where  hope  is  to  enter,  but  a  solitude  where  trader  are 
to  be  taught — ^where  industry  is  not  to  be  encouraged — ^where  there  is  to  be  nothing 
but  isolation,  profitless  labour,  and  suffering.  Country  justices  have  not  lxn;n 
remarkable  for  extreme  sensitiveness ;  but  it  might  be  expected  that  the  desire  to 
lessen  the  county  rates,  by  getting  something  out  of  the  sweat  of  the  misdemean- 
ant, would  have  some  influence  upon  prison  administration. 

The  committee  circulated  two  series  of  questions,  one  general  the  other  special. 
The  first  was  intended  to  elicit  the  opinions  of  those  who  had  most  attended  to 
questions  of  prison  discipline  as  to  the  connexion  between  labour  and  reformation — 
uie  action  of  the  cellular  system — the  use  of  the  treacbiill,  and,  generally,  the  prac- 
ticability of  makiug  labour  profitable  under  present  parliamentary  requirements. 
The  second  (]^uestion  was  intended  to  elicit  from  various  independent  sources  the 
results  exhibited  by  the  different  practices  of  different  gaob. 

The  various  returns  attached  to  the  Report  of  the  Devon  Committee  invite  com- 
parisons and  present  contrasts  which  would  seem  impossible  (as  they  are  incredible) 
m  a  country  subject  to  the  same  legislation,  to  the  same  inspectoral  system,  a  countiv 
of  inquiry,  and  m  which  the  topic  of  prison  discipline  has  been  frequently  discusseu. 
The  simple  truth  is  that  the  amount  of  independent  action  allowed  to  the  county 
magistracy- 
the 


routine — ^love  of  power — "  espnt 
influences  and  interests  have  resisted  re^)rms  and  maintained  abuses  to  an  extent 
beyond  the  power  of  calculation.  Take  one  illustrative  fSewit  as  regards  cost.  Jn 
the  convict  prisons  of  Scotland  the  annual  expenses  per  head  are  £7  less  than  in 
the  convict  prisons  of  England.  Another  as  regards  principle.  In  the  sixty  prisons 
in  Scotland  there  is  not  a  single  treadmill ;  there  is  a  unanimity  of  opinion  un- 
friendly to  its  use.  In  the  county  of  Devon  at  this  moment  a  treadmill  is  being 
erected  at  an  enormous  cost,  and  with  the  declaration  of  the  visiting  justices,  that 
it  is  not  believed  any  profit  can  be  made  from  it. 

The  cost  of  crime  m  prisons  is  considerably  more  than  a  million  sterling  per 
annum ;  the  cost  of  cnme  out  of  prison  is  tenfold  greater.  The  number  of  the 
criminal  classes  at  large  is  thrice  as  great  as  that  of  the  criminal  classes  in  confine- 
ment. In  England  the  yearly  net  expense  of  the  prisoner  is  more  than  double  that 
of  France,  more  than  treble  that  in  tlu5  United  States  and  in  many  of  the  best  re- 
gulated European  prisons. 

Prison  discipline  comes  under  two  special  heads,  the  vindictive  and  the  refor- 
matory ;  in  other  words,  the  instruments  of  pain  and  pleasure,  of  fears  and  hopes  to 
be  applied  to  the  eradication  or  diminution  of  crime.  In  some  men  the  desire  to 
punish  is  stronger  than  the  desire  to  reform;  in  some  the  desire  to  reform  is 
stronger  than  the  desire  to  punish.  Sound  policy  would  connect  the  employment 
of  both  with  a  view  to  maximizing  good  and  niininiizing  evil ;  and  labour  is  or 
ought  to  be  the  instrument  for  accomplishing  each  of  these  praiseworthy  objects. 
Now,  by  the  abnost  unanimous  and  emphatic  consent  of  the  highest  authorities. 
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JroductiTe  and  profitable  labour  is  more  reformatory  than  wasted  labour.  Sir 
ohn  Bowring  brought  overwhelming  evidence  of  thii»  fact,  derived  from  a  variety 
of  sources,  and  from  many  parts  of  the  world.  It  seems  an  almost  universally 
recognized  principle  that  K>r  short  sentences  labour  of  the  severest  and  least  remu- 
nerative character  should  be  allowed ;  that  species  of  labour  should  be  only  intro- 
ductory to  labour  less  irksome  and  more  profitable.  But  however  inviting,  the  field 
of  investigation  is  too  wide,  and  the  materials  for  judgment  too  multitudinous,  to 
allow  of  anything  like  an  exhaustive  exploration. 


On  the  Consumption  of  Opium.  By  Dr.  Cuthbekt  Colliicgwood,  M,A.y  F,L,S, 


On  the  Shipbuilding  of  Dundee.     By  Henky  Gouklay. 

Shipbuilding  has  long  been  an  important  branch  of  industry  in  Dundee,  and 
even  at  the  beginning  of  the  present  century  the  number  oi  vessels  built  for 
coasting  and  over-sea  trade  was  considerable.  All  these  vessels  were,  of  course, 
built  of  timber,  and  about  the  year  1823  were  all  propelled  by  sails.  The  niun- 
ber  and  size  of  the  vessels  gradually  increased,  until  aoout  the  year  185G,  when 
wooden  shipbuilding  in  Dundee  may  be  said  to  have  reached  its  maximum.  In 
that  year  Messrs.  Alexander  Stephen  and  Son  built  the  '  Eastern  Monarch.'  This 
vessel  measured  1848  tons,  b.m.,  was  classed  14  vears  A 1  in  Lloyd's  Register, 
and  at  the  time  was  one  of  the  largest,  if  not  the  largest,  vessel  afloat  of  this 
high  class.  It  is  now  nearly  thirty  years  since  iron  shipbuilding  was  introduced 
in  Dundee.  In  the  year  1838  Messrs.  James  Carmichael  and  Co.  built  an  iron 
paddle-steamer  named  the  'Caledonia,'  intended  for  the  river  trafiic  between  Dun- 
dee and  Perth.  The  same  firm  also  built  a  small  iron  schooner.  These  vessels 
attracted  considerable  attention  at  the  time,  there  being  very  few  iron  vessels 
then  afloat.  After  building  these  two  vessels,  Messrs.  Carmichael  discontinued 
iron  shipbuilding,  but  it  was  again  taken  up  in  1840  by  Mr.  Peter  Borrie,  who 
built  several  iron  paddle-steamers.  Between  the  years  1842  and  1854,  no  iron  ships 
were  built  in  Dundee,  and  during  this  interval  other  ports  had  commenced,  and 
were  carrying  on  the  trade  with  vigour,  so  that,  althouoph  Dundee  was  early  in  the 
field,  this  advantage  was  lost  In  18§4,  Messrs.  Gourlay  Brothers  and  Co.  commenced 
to  build  vessels  oi  iron,  and  since  that  time  the  trade  has  steadily  increased,  there 
being  now  two  firms  which  build  entirely  with  iron,  and  one  which  uses  iron  for 
the  framework.  The  following  Table  will  show  the  tonnage  of  the  various  kinds  of 
vessels  that  have  been  launched  in  Dundee  since  the  year  1801,  and  also  the  tonnage 
on  the  stocks  in  June  of  this  year : — 

Wooden  sailing-vessels  launched  since  1861 13,673 

On  the  stocks,  June  1867    748 

14,421 

Wooden  steamers  launched  since  1861 5,621 

On  the  stocks,  June  1867    520 

— . 6,141 

Total  tonnage  of  wooden  vessels    20,562 

Iron  sailing-vessels  launched  since  1801  5,002 

On  the  stocks,  June  1867    1,066 

0,068 

Iron  steamens  launched  since  1861 11 ,350 

On  the  stocks,  June  1807    1,130 

12,486 

Total  tonnage  of  iron  vessela 18,  ^S 1 

Composite  sailing-vessels  launched  siuce  1801 ....     1 ,847 

On  the  stocks,  Jime  1807    001 

2,448 

Total  tonnage  of  composite  vessels 2,418 

Total  tons 41,504 
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The  value  of  the  vessels  represented  hy  this  tonnage  is  about  £627,000  steriing,  or 
£104;500  annually,  exclusive  of  the  machinery  fitted  on  board  the  steamers.  Tb> 
average  number  of  men  and  boys  employed  in  the  shipbuilding  yards  is  about  910. 
The  materials  of  which  the  vessels  are  constructed  are  generally  brought  from  a 
distance.  The  iron  comes  from  the  north  of  England  and  Glasgow ;  the  wcnx! 
(except  the  oak,  which  is  grown  in  the  neighbourhood)  from  the  Baltic,  Amenr^ 
and  India.  The  chains  and  anchors  are  generally  manufactured  in  Newcastle,  bu: 
the  sailcloth  and  cordage  are  produced  in  Dundee.  The  cost  of  the  carriage  of  iroi 
and  coal  is  a  disadvantage  that  the  Dundee  shipbuilder  labours  under ;  but  it  is  nr<: 
a  very  serious  obstacle,  as  these  materials  can  be  carried  at  a  cheap  rate  by  water. 
and  tnere  are  advantages  to  compensate,  so  that  there  is  no  reason  why  shipt^uildiD; 
may  not  be  largely  carried  on  in  Dundee.  Iron  as  a  material  for  shipbuilding  b 
here,  as  elsewhere,  to  a  large  extent  taking  the  place  of  wood ;  for  we  find  that  h 
1853  there  were  no  iron  ships  building  in  Dundee,  but  for  the  last  six  years  the 
tonnage  of  the  iron  vessels  has  not  been  far  short  of  the  wooden  ones,  wliiJst  tbert 
is  nearly  double  the  tonnage  of  iron  vessels  on  hand  that  .there  is  of  wooden  ones 


On  iihe  various  Methods  in  which  our  coinage  may  he  Decimalized — the  Advan- 
tages and  Disadvantages  of  each.    By  ¥,  P.  Fellows,  F,S,A.,  P.SJS. 

This  paper,  after  discussing  the  general  principles  that  should  guide  us  in  choosiiur 
for  adoption  any  methods  of  decimalizmg  our  coinage,  described  at  length  ta. 
various  plans  that  had  been  proposed. 

First.  We  could  at  once  decimalize  our  money  by  adopting  the  American  plsT 
of  coining  a  piece  equal  to  100  halfpence,  or  4s.  2r7.,  or  a  dollar ;  the  halfpensr 
being  equal  to  an  American  cent,  and  the  100  hal^ence  the  dollar. 

This  would  be  a  very  simple  method,  but  the  objections  to  it  were,  that  tii- 
halfpenny  was  too  high  for  our  lowest  coin  (the  farthing  being  much  used  by  cur 
poorer  classes),  and  tne  dollar  of  4s.  2d,  was  not  sufficiently  high  for  our  lai^i--' 
coin. 

Secondly.  There  was  what  was  commonly  called  the  penny,  tenpenny,  ami 
hundredpenny  scheme — 1  penny  being  the  unit  or  smallest  coin,  and  lOOtf.  o: 
8».  4d,  tne  largest.  The  same  objections  applied  to  this  as  to  the  halfpenny  nnl 
dollar  scheme,  and  if  we  are  to  express  farthings  and  hal^ence,  we  still  Tetniz 
vulgar  fractions.  It  had  been  suggested  that  the  penny  might  be  divided  into  t«:n 
parts,  and  also  that  by  a  slight  change  in  value,  this  would  bring  our  system  into 
accord  with  French  francs  and  centimes;  the  centime  being  equal  to  nearlv  th^ 
-,Vth  of  a  penny,  and  the  10c?.  to  a  franc.  The  evils  and  diflSculties  of  tbi^ 
scheme  were  entered  upon,  and  it  was  maintained  that  the  tenth  of  a  penny  wu^ 
too  low  for  our  lowest  coin,  and  would  cause  an  unnecessary'  number  of  iigur: \- 
to  be  written  down. 

The  third  scheme  discussed,  proposed  to  commence  at  the  half  sovereign ;  tin 
shilling  being  the  tenth,  the  shilling  beinp  again  divided  into  ten  parts,  and  Vr  • 
tenth  of  a  shilling  again  decimally  subdivided  j  the  lowest  unit  being  the||!h< 
of  the  half  farthing. 

The  difllculties  of  the  introduction  of  this  scheme  were  stated  to  be  the  same 
as  those  of  the  pound  and  mil  scheme,  which  was  next  discussed. 

The  fourth  plan,  viz.  the  pound  and  mil  scheme,  proposed  to  retain  thepres>*n: 
sovereign,  and  to  consider  that,  as  now,  the  highest  coin  of  account.  Thus  v.  • 
should  nave  the  present  pound,  the  florin  as  the  tenth  of  the  pound,  a  coin  if 
the  value  of  the  tenth  oi  a  florin  (between  2id,  and  2^^/.),  and  the  1000th  of  a 
pound,  being  l^ths  of  the  present  farthing. 

This  system  would  disarrange  and  tlirow  out  all  our  present  copper  coinsirc. 
and  the  burden  of  the  change  would  consequently  be  thrown  mainly  upon  the  poor  r 
and  least  educated  classes,  and  therefore  the  least  able  to  understand  the  new 
system,  or  to  accommodate  themselves  to  it.  Respecting  the  transition  period,  it 
was  shown  that  the  change  would  be  nearly  as  diflicult  as  to  introduce  an  entirely 
new  coinajye ;  for  that  out  of  the  980  sums  that  could  be  paid  fi^m  one  farthing 
to  a  pound,  only  forty,  or  about  4  per  cent ,  could  possibly  do  paid  with  the  new 
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coinage ;  and  out  of  the  1000  sums  from  one  mil  to  one  pound  in  the  new  system, 
only  40,  or  4  per  cent.,  could  be  paid  with  our  present  coins.  The  only  sums  that 
could  possibly  be  paid  with  both  the  old  and  new  money,  would  be  6^.,  1«.,  1«.  Qd.^ 
and  so  on,  by  sixpences  to  a  nound ;  none  of  the  intermediate  sums,  from  id,  to 
5}J.,  from  ojrf.  to  lljrf.,  coula  be  paid  with  new  coins ;  and  the  same  difficulties 
would  occur  in  paying  new  coinage  sums  with  old  money,  the  present  6d.  being 
25  new  mils,  and  24  present  farthings.  This  difficulty  was  of  great  moment  ana 
aifected  most  of  the  Government  departments,  as,  for  instance,  the  Customs, 
Excise,  and  Postage  duties  based  on  our  copper  coinage,  that  is,  on  the  J«?.,  Id, 
or  Id,  Thus  the  I*ost-office  would  have  to  alter  its  charge  for  letters,  and  if 
(taking  its  gross  receipts  at  £5,000,000)  it  decided  to  charge  4  mils  instead  of  Id, 
as  now,  it  must  consent  to  lose  £200,000  yearly,  the  circulation  remaining  the 
same ;  or  if  it  charged  6  mils,  then  this  would  be  equivalent  to  an  additional  tax 
on  the  people  of  £1,000,000  yearly. 

The  same  difficulties  applied  to  bill  stamps,  receipt  stamps,  to  railway,  road, 
canal,  and  other  toUs,  and  many  Acts  of  Parliament  relating  to  railway,  canal, 
and  other  companies  would  have  to  be  modified.  It  was  shown  that  all  the 
manufacturer's  price  lists,  both  for  paying  theu*  workmen,  and  for  selling  from  their 
books  of  engravincs  with  printed  prices  attached,  would  have  to  be  rej>rinted,  that 
litigation  and  strikes  with  the  men  would  probably  ensue,  and  that  it  woidd  be 
a  very  heavy  tax  on  the  manufactmrers  of  this  country.  It  was  urged  that  it  was 
unwise  to  import  all  these  difficulties  in  addition  to  those  that  were  inherent  on 
the  mere  change  itself  to  a  decimal  system. 

The  author  then  pointed  out  that  it  was  antagonistic  to  true  decimalization  to 
begin  at  the  highest  coin,  and  to  call  that  the  unit.  The  unit,  like  our  numeration, 
should  be  the  commencement  of  the  system,  and  like  it  should  begin  with  units, 
go  on  to  tens,  then  to  hundreds,  and  on  to  thousands. 

The  author  then  went  on  to  say,  **  I  now  proceed  to  describe  a  system  which  I 
think  overcomes  the  objectiona  and:  difficulties  I  have  mentioned  as  affecting  the 
various  schemes  under  consideration. 

"  In  the  first  place,  by  the  plan  1  advocate  we  get  rid  of  vulgar  fractions,  ^d.,  j</., 
f  (/.  The  unit  begins  at  the  proper  point,  viz.  the  lowest  necessary  com,  the 
farthing.  We  can  retain  in  use  during  the  transition  period  all  the  coms  we  now 
have.  We  could  use  and  write  down  either  the  present,  or  the  proposed  new 
coinaffe,  in  pounds,  shillings,  and  pence,  as  we  do  now,  or  decimallv.  No  change 
need  oe  maae  in  trading  or  in  Government  transactions.  Those  who  chose  could 
keep  their  accounts  as  now,  even  if  they  received  the  new  coinage ;  and  those 
who  chose  to  keep  their  accounts  decimally,  could  do  so,  and  could  still  enter 
decimally  the  old  coinage  amounts  they  received. 

^'  It  begins  at  the  farming.  It  has  been  before  suggested  to  benn  at  the  farthing, 
but  the  system  proposed  has  some  novelties.  I  would  then  boldly  at  once  call 
things  by  their  right  names,  especially  when  these  names  will  correctly  denote  the 
relation  each  coin  bears  to  the  rest,  and  when  these  designations  will  greatly 
facilitate  the  introduction  of  the  decimal  system* 

^'  I  woidd  make  a  coin  of  the  value  of 

1  Farthing,    and  call  it  I  unit. 

10  Farthings,     ,,    „    „        |     ^^  '^*^'  ."'  }  ^^^  °' 
o  '     "    w    w        I         a  10-umt  piece. 

i   100  units,  or  1  centime  or 

100  Farthings,     „    „    ^,       •<         cent,  or  a  hundred-imit 

I         piece. 

ilOOO  units,  or  1  mille  or 
mil,  or  a  thousand-unit 
piece." 

The  following  Table  shows  the  relation  the  system  bears  to  our  present,  and  to 
the  American  coinage,  and  gives  all  the  coins  that  would  be  introduced  if  the 
plan  were  in  frdl  operation.  At  first,  however,  the  coins  required  would  be 
merely  the  10,  the  100,  and  1000  unit-  or  farthing-pieces : — 
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New  Bjstem. 

1 

'  Equal  t> 

America 

coinii  fei 

below. 

Pieces  to  bo  erentuallj  coined. 

ilor 
)  units. 

nt  or 
units. 

cat  or 
units. 

its  or 
hings. 

Old  English 
values. 

-"1   -1      1   ^ 

In  pence. 

In 
£  a.    d. 

1  unit 

■  •  • 

1 

or        i 

or       i  , 

i  cent 

2  units 

•  •  • 

2 

»      i 

I  cent 

4    ., 

•  •  ■ 

4 

1 

»       1 

2oent& 

1  decat  or      10    „ 

1 

0 

2i 

2j 

5  oent^. 

2    „     or      20    „ 

2 

0 

5 

6 

10  cent*. 

4    „      or     40    „ 

4 

0 

10 

10   J 

20  cent^ 

1  center  10    „      or    100    „ 

1 

0 

0 

or    25 

2     1 

i  dollar 

2  „   or    20    „      or    200    „ 

2 

0 

0 

or     50 

4     2  1 

1       V 

4  „   or    40    „      or   400    „ 

4 

0 

0 

100 

8     4  1 

2      « 

I  mil  or  10  „   or  100    „      or  1000    „        1 

0 

0 

0 

250 

1  0  10 

5      . 

The  author  proposed  that  at  first  merely  the  decat,  cent,  and  mil  should  be 
coined,  t.  e.  the  10, 100,  and  1000  farthing-piece ;  that  it  should  be  merely  made  le^< J 
and  permiasive  to  keep  and  sue  for  accounts  decimally  in  imits  and  mils,  it  b^iiu' 
still  legal  (till  the  decimal  system  w&s  well  known  and  introduced)  to  use  puuo<l^ 
shillings,  and  pence.  

• 

On  the  LeatJier  Manufacture  of  Dundee,    By  Fr.\j?k  Heitdebsox. 

On  the  Condition  and  Progress  of  Scotland  compared  to  Emjland  ami  Irditn^i 
in  Population,  Education,  Wealth,  Taxation,  Cnme,  consumption  of  Spirits, 
Savings*  BanJcs,  ^c.  By  Professor  Leone  Levi,  F.S,A,,  F,S.S.y  Doctor  of 
Political  Economy  of  the  University  of  Tiihingen, 

The  author  came  to  the  following  results : — 1.  That  as  regards  population,  Scot- 
land and  Ireluid  are  increasing  at  a  much  slower  rate  than  England,  the  eff*xi 
rather  of  a  lower  rate  of  marriages  and  an  excess  of  emigration  than  of  a  laiyer 
mortalitY.   2.  That  in  education  Scotland  stands  in  a  higher  position  than  England 
and  Ireland.     3.  That  propeHy  is  increasing  faster  in  Scotland  than  in  England 
imd  Ireland,  the  thriftiness  and  industry  of  the  people  being  made  manifest  in 
a  larger  accumulation  of  wealth.    Between  1814-15  and  1864-65  the   amount 
to  income-tax  increased  in  England  at  the  rate  of  128  per  cent,  and  in  Scotland 
at  the  rate  of  153  per  cent.     Between  1857  and  I860  the  amount  so  charged 
increased  in  Englana  at  the  rate  of  31  per  cent.,  in  Scotland  at  the  rate  of  33  per 
cent.,  and  in  Ireland  at  the  rate  of  12|  per  cent.    4.  That  as  regards  taxation, 
Scotland  pays  a  larger  raoportion  of  revenue  now  than  at  any  former  peri»>d 
relatively  to  En^and  and  Ireland.     In  1804-06  the  proportion  borne  was  78*8  ptT 
cent,  by  Englana,  110  percent,  by  Scotland,  and  0-3  percent,  by  Ireland,  against 
83-1  per  cent,  in  England,  8*8  per  cent,  in  Scotland,  and  811  per  cent,  by  Ireland 
in  1830-32.    5.  That  in  so  far  as  the  relative  amount  contributed  to  the  rev*  nu»» 
can  serve  as  a  criterion  for  the  respective  number  of  members  in  the  houses  it' 
legislature,  it  appears  that  the  altered  proportion  in  the  taxation  borne  by  Scothmd 
since  the  Union  entitles  her  to  a  larger  representation  than  she  possesses ;  whiLst  in 
proportion  to  revenue  the  relative  number  of  members  should  be  51 '9  England  nnd 
^^^fdes,  78  Scotland,  and  61  Ireland.    6.  That  as  regards  pauperism,  the  numbi  r 
of  persons  receiving  public  relief  in  Scotland  is  less  in  proportion  than  in  England, 
though  much  in  excess  of  Ireland  ;  a  great  ditFerencc  existing  in  the  proportions  of 
paupers  relieved  in-door  and  out-door  in  the  throe  countries.    In  1860  the  niuubi  r 
of  paupers  in  England  was  in  the  proporlion  of  4-.38  per  cent.,  in  Scotland  401  ]>pr 
cent,  and  in  Ireland  004  per  cent,  of  the  population.     In  l^jigland  and  Irelaiu), 
about  80  per  cent,  of  the  paupers  were  relieved  in-door,  in  Scotland  only  6*76  j^t  r 
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cent.  7.  That  the  number  of  persons  committed  for  trial  for  indictable  offences  in 
Scotland  is  greater  in  proportion  than  in  England  and  Ireland ;  and  though  she 
shows  less  propensity  to  offences  against  property,  she  stands  in  an  unfavourable 
position  as  to  offences  against  the  person  In  ten  years,  1857-66,  the  average 
number  of  persons  commi^d  was, — m  England  0*938  per  1000,  in  Scotland  I'll  per 
1000,  and  m  Ireland  0*990  per  1000  of  the  population.  The  offences  against  the 
person  were, — ^in  England  12*10  per  cent.,  in  Scotland  29*43  per  cent.,  and  in  Ire- 
land 37*31  per  cent.  The  offences  against  property  without  violence  were, — in 
England  74  per  cent,  in  Scotland  48  per  cent.,  and  in  Ireland  34  per  cent.  8. 
That  the  common  assumption  that  Scotland  consumes  more  spirits  than  England 
is  imfounded,  when  the  quantity  of  spirits  in  all  spirituous  beverages  con8um<)d  is 
taken  into  account ;  and  though  we  ma^  congratulate  ourselves  on  the  diminished 
consumption  of  gin  and  whisky,  there  is  reason  for  warning  in  the  fact  that  such 
diminution  is  more  than  counterbalanced  by  the  greater  quantity  of  spirits  con- 
sumed in  the  other  beverages,  principally  ale  and  wine.  In  1866  the  total  quantity 
of  spirits  consumed  in  gin  and  whisky,  brandy,  beer,  wine,  cider,  &c.,  was  in  the  pro-* 
portion  of  4*437  gallons  per  head  in  England,  2*984  gallons  per  head  in  Scotland, 
and  1*631  gallon  per  head  in  Ireland.  Of  British  and  foreign  spirits  there  were 
consumed, — ^in  England  0*864  gallon,  in  Scotland  1*847  g^on,  and  in  Ireland 
0*857  gallon  per  head.  Of  spirits  in  beer,  3*393  gallons  per  head  in  England, 
1*050  gallon  per  head  in  Scotland,  and  0*710  gallon  per  heaa  in  Ireland.  Between 
1857  and  1866  there  was  an  increase  in  the  consumption  of  spirits  thus  calculated 
of  12}  per  cent,  in  England,  23  per  cent,  in  Scotland,  and  8  per  cent,  in  Ireland. 

9.  That  during  the  last  ten  years  the  change  in  the  habits  of  tne  people  as  regards 
the  consumption  of  spirituous  beverages  was  as  follows : — 

England.  Scotland.                     Ireland. 

Per  cent.  Per  cent.                      Per  cent. 

1857.    1866.  1857.    1866.  1867.    1866. 

Spirits  21        20  77        02                     68        53 

Spirits  in  beer 76        76  21        35                     30        44 

Spirits  in  wine 3          4  2          3                      2          3 

100      100  100      100  100      100 

10.  That  in  so  far  as  the  savings  of  the  working  classes  are  represented  in  the 
capital  deposited  in  the  Savings'  Banks,  the  amount  per  head  m  Scotland  was 
ISs.  6d.,  in  England  37«.  6d..  and  in  Ireland  6«.  6d.  per  head.  11.  That  the  passen- 
ger traffic  on  ike  British  railways  in  1865  was  in  the  proportion  of  23,400  per  mile 
m  England,  10,000  in  Scotland,  and  7200  in  Ireland — the  proportion  travelling  by 
third-class  being  76*41  per  cent,  in  Scotland,  58*66  per  cent,  in  England,  and  ^'86 
per  cent,  in  Ireland.  12.  That  the  number  of  letters  delivered  bj  the  Post-office 
was  in  the  proportion  of  28  per  head  in  England,  21  per  head  m  Scotland,  and 
10  per  head  in  Ireland ;  or  in  the  proportion  oi  47,  36,  and  17  per  cent,  respectively. 
13.  That,  as  a  whole,  Scotland  appears  to  be  advancing  rapidly,  her  position  in  the 
United  Kingdom  being  of  considerable  importance ;  whilst,  if  we  aad  that  in  pro- 
portion to  the  number  of  her  people  she  has  contributed,  and  does  contribute,  a  large 
share  of  eminent  statesmen,  lawyers,  military  officers,  men  of  science,  and  merchant 
princes,  we  cannot  resist  the  conclusion  that  the  Scotch  possess  in  a  high  degree 
that  ener^  of  character,  persistency  of  will,  and  boldness  in  action  which  have 
rendered  Britain  supreme  among  the  nations  of  the  world. 

On  the  OhstcLcUs  to  tJie  Utilization  of  New-Zealand  Flaa^, 
By  W.  Laudbb  Lindsay,  M.D.,  F.B.S,E.y  F.L,S. 

The  author's  propositions  are  based  on 

1.  The  results  of  observations  made  during  a  tour  in  New-Zealand  in  1861-62. 

2.  A  study  of  the  voluminous  literature  of  New-Zealand  flax ;  and 

3.  A  previous  study  (ten  years  ago)  of  the  general  subject  of  foreign  fibres  as  sub- 
stitutes lor  those  currently  used  in  this  country  in  the  textile  arts. 

He  assumes — 

1.  That  the  value  of  New-Zealand  flax — as  a  fibre  suitable  for  the  manufacture  of 
cordage,  textile  fabrics^  and  paper — has  been  established. 
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2.  That  in  Europe  alone  there  is  practically  an  tmlimited  demand  for  thia  daas  d 
fibre. 
8.  That  in  order  to  such  fibre  as  New-Zealand  flax  beconung  maricetable, 

A.  The  supply  must  be  both  regular  and  large. 

B.  The  quuity  must  equal  that  of  the  fibres  which  at  preaent  conunand 

the  market. 

C.  The  cost  of  production  must  be  such  as  to  leave  a  conaideralile  margin  d 

profit  on  its  market  price. 
4.  That  hence  any  candidate  tor  preference  in  the  fibre  market  must  aubmit  to  bt 
rigorously  tested  by  the  following  standards : — 

A.  Amount  and  regularity  of  supply. 

B.  Quality. 

C.  Market  price. 

Theutilization  01  New-Zealand flaxhas been  stimulated  in  every  conceivable  wrj.~ 
by  t^e  ^elf-interest  of  colonists  and  colonial  governments ;  by  tne  attraction  of  sub- 
stantial government  rewards ;  by  the  high  prices  offered  in  the  British  maziket  for 
good  samples  of  dressed  fibre ;  by  industrial  exhibitions  throughout  the  world,  includ- 
ing New  Zealand  itself;  by  the  perennial  encouragements  of  the  local  press.  So 
long  ago  as  1866,  the  general  government  of  New  Zealand  offered  premiuma  to  the 
extent  of  £4000  for  the  production  of  a  marketable  fibre ;  the  provincial  gorenimeBt 
of  Canterbury  subsequentlv  offered  a  bonus  of  £1000  with  the  same  object ;  and 
still  more  recentlv,  tnat  oi  Otago  has  promised  a  honorarium  of  £600  for  tiie  pro- 
duction of  a  marketable  oaper  from  New-Zealand  fiax,  or  other  indigenous  nbn. 
None  of  these  premiums  nas  yet  been  gained.  Infinite  have  been  the  experiments 
instituted,  the  patents  taken  out,  the  efforts  made  to  produce  a  marketable  fibre: 
while  at  least  one  special  book,  printed  moreover  appropriately  on  New -Zealand  fiax- 
made  naper,  has  been  devoted  to  the  subject  Nevertheless  no  progress  haa  been 
made  beyond  the  products  of  the  crude  art  and  baud-labour  of  the  Maori  with  hii 
simple  mussel  or  cockle  shell ;  if,  indeed,  ?iu  results  have  been  rivalled  by  the  b^ 
specimens  of  colonial  art.  The  endeavour  to  give  New-Zealand  dax  a  permanent 
and  satisfactory  place  in  European  commerce  has  hitherto  been  a  si^al  failure. 

The  author's  object  is  to  discuss  the  causes  of  this  failure— to  indicate  the  combi- 
nation of  drcumstances  that  has  hitherto  operated  in  preventing  the  practical  appli- 
cation in  the  textile  arts  of  a  fibre  acknowledged  by  all  authorities  to  posaeaa  a  nigh 
value. 

The  author's  main  propositions  are  the  following : — 

I.  Amount  and  regularity  of  supply. 

A.  There  cannot  be  a  sufficiently  large  or  regular  supplv  to  meet  the  require- 

ments, either  of  the  local  or  European  market,  till 

1.  The  plant  is  systematicaUy  cuUivcUed, 

2.  Labour  is  more  abundant  and  cheaper. 

B.  It  remains  to  be  determined  by  experiment  on  the  large  scale  : — 

1.  What  are  the  most  suitable  forms  and  circumstances  of  cultivation — ^in 

reference  especinlly  to  such  practical  and  important  points  as  (a)  the 
kind  of  soil,  and  (b)  the  artificial  aids  to  growth. 

2.  What  are  the  methods  of  cultivation  most  suitable  to  those  Botanical 

species  or  varieties  which  possess  the  finest  quality  of  fibre. 

3.  What  is  the  best  time  for  cutting  down  and  prepaiing  the  leaf. 

II.  Quality  of  the  fibre. 

A.  Varies  in  different  species  oiPhonniwn  and  diffei-ent  iwn^w'*  of  P.  te$}ax. 

But  it  has  yet  to  be  determined  what  species  or  varieties  yield  the  finest 
qunlitios  of  fibre,  whether  in  the 
a.  Giutivated,  or  {    i     . 
6.  Wild  f  P^*"*- 

B.  Is  improved  by  cultivation. 

This  has  long  been  recogniacd  bv  the  Maories,  who  cultivate,  solely  for 
its  fibre,  tne  New-Zealand  ilax  plant  as  carefully  as  they  do  their 
maize  or  potato  as  food-plants. 

III.  Cost  of  production  and  market  value. 

The  present  scarcity  and  high  value  of  labour  in  New  Zealand  render  the  cost 
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of  collecting  the  wild  flax  plant,  of  preparing  the  fibre,  and  of  transporting  it 
to  seaports  too  great  to  enable  the  colonist  to  ofier  dressed  flax  in  the  European 
market  at  a  price  nearly  equal  to  that  of  Russian  flax  and  other  suoular  floresi 
with  which  it  must  compete. 

The  cost  of  proper  cultiyation  of  the  plant  and  proper  preparation  of  the  fibre 
under  present  circumstances  would  be  still  greater. 

IV.  Suitable  processes,  chemical  and  mechanical,  have  yet  to  be  devised  for 
dressing,  bleaching,  and  dyeing  the  fibre. 

It  has  been  obviously  a  common  error  of  experimentalists  to  conclude  that  the 
processes  and  machinery,  which  have  nroved  successful  in  preparing  (dk^  fibtes, 
should  be  equallv  suitable  and  successful  here. 

v.  Not  onlv  has  New-Zealand  flax  to  compete  with  many  fibres  of  established 
reputation,  wnich  are  easily  and  cheaply  produced  in  countries  where  labour  is 
abimdant ;  not  only,  as  regards  paper-making,  must  it  enter  the  market  against 
rags  and  other  waste  products  oi  civilization,  which  are  necessarily  greatly  cheaper 
than  a  dressed  fibre :  but  it  will  have  to  compete  with  hundreds  of  fibres  of  equals 
or  nearly  equal,  value,  which  abound  in  aU  our  warmer  colonies,  and  occur  ^ene« 
rally  throughout  temperate  and  warm  parts  of  the  world,  whose  applications  will  be 
developed  m  proportion  as  colonization  progresses,  and  as  chemistry  and  mechanics 
are  brought  to  bear  on  processes  suitable  for  their  preparation*. 

YI.  Labour  is  likely  to  become  cheaper  and  more  abundant  in  other  colonies 
than  New  Zealand,  which  are  quite  as  rich  in  fibre-producing  plants,  while  the  diffi« 
culties  attending  the  separation  and  dressing  of  the  fibre  will  probably  be  more 
speedily  overcome  in  the  case  of  these  other  plants  and  fibres. 

YH,  Thereis  therefore  no  good  ground  for  tne  too  sanguine  anticipations  of  colonists 
and  colonial  governments  as  to  the  future  hieh  value  of  New-Zealand  flax  as  an 
article  of  colonial  export  Present  data  merely  aflbrd  encourofftng  grounds  for  at- 
periment. 

Vin.  One  of  the  most  hopeful  directions  of  ea:periinent  is  the  Acclimatization  of 
the  New-Zealand  flax  plant  in  countries  suited  for  its  erowth,  where  labour  is 
cheaper  and  the  advantages  of  chemical  and  mechaniciJ  skill  are  more  readily 
obtamed.  

Employer  and  Employed — Capital  and  Labour.    By  Patrick  MAmrBw. 

On  the  Confectionery  and  Martnalade  Trade  of  Dundee, 

By  Chabies  C.  Maxwell. 

It  is  between  sixty  and  seventy  years  since  Dundee  marmalade  was  first  manu-* 
factured  as  an  article  of  commerce  by  the  late  Mr.  James  KeiUer,  and  then  merely 
to  supplv  the  local  and  district  demand.  Gradually,  however,  the  area  of  its  sale 
extendecl,  not  only  throughout  Scotland,  but  into  England  ana  Ireland,  until  now, 
when  it  may  be  said  that  tiie  whole  British  Isles,  a  considerable  portion  of  the  Con- 
tinent, and  even  our  most  distant  colonies,  are  supplied  with  it.  To  give  an  idea 
of  the  extent  of  this  trade,  the  author  stated  that  the  quantity  of  marmalade  made 
in  Dundee  at  the  present  time  amounts  to  above  1000  tons  annually^  for  the  pro- 
duction of  which  more  than  3000  chests,  equivalent  to  COOO  boxes,  of  the  finest 
bitter  oranges  are  used.  These  are  imported  from  Seville,  as  it  has  been  found 
that  the  oranges  grown  in  and  around  that  city  possess  a  peculiar  and  agreeable 
aroma,  which  renders  them  better  adapted  for  the  puipose  tnan  those  of  any  other 
district  either  in  Spain  or  Italy.  "When  the  marmalade  is  prepared,  a  sufficient 
quantity  of  sugar  is  added,  to  preserve  it  thoroughly,  without  m  any  degree  im- 
pairing the  flavour.  The  author  stated  that  about  lour  hundred  persons  are  directly 
employed  at  the  Dundee  confectionery  works,  and  occupation  is  furnished  to  many 
others  in  connexion  with  them.  For  example,  one  of^the  Newcastle  potteries  is 
to  a  large  extent  engaged  in  turning  out  the  well-known  printed  jars  U)r  marma- 

*  Investigations  made  in  1858  led  the  author  to  the  conclusion  that  fibre-produdng 
plants  abound  throughout  all  parts  of  the  world  that  support  a  phnnogamio  vegetation  fS 
all  rich  or  varied  :  Kide  "  Substitutes  for  Paper  MateriaV'  Scottish  Beview,  October  1868 
and  January  1859. 
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lade.  Of  these  there  are  about  one  and  a  half  million  required  every  year,  costing 
upwards  of  £6500.  The  marmalade  season,  as  it  may  be  called,  that  is  the  period 
during  which  all  that  is  required  of  this  preserve  K>r  the  year's  supply  must  be 
made,  usually  continues  about  four  months,  viz.  from  the  beginning  of  December 
to  the  end  of  March.  The  author  mentioned  that  the  word  ^'  mamuiliule/*  is 
supposed  to  be  derived  from  an  Indian  fruit  not  unlike  the  oran^,  Cfdled  the 
Jbgle  manndosy  or  Indian  Bael,  from  which,  at  one  period,  a  similar  conserr^ 
seems  to  have  been  made.  Besides  orange  marmalade,  other  preserves  £rom 
fruit  are  extensively  manufactured  in  Dundee,  considerable  quantities  of  fruit 
bein^  grown  in  the  neighbourhood,  although  far  from  sufficient  to  supply  the  de- 
mand. The  manufacture  of  confections  is  also  carried  on  on  a  very  large  scale,  and 
embraces  an  inmiense  variety  of  lozenges,  comfits,  candied  peels,  &c.  The  author 
stated  that,  in  most  of  the  processes  connected  with  the  production  of  these,  care- 
fully-constructed steam-machinery  is  now  successfully  employed ;  and  the  result 
is  a  degree  of  finish,  quality,  and  cheapness  which  hand-laoour  could  never  have 
attained.  The  quantity  of  sugar,  chiefly  refined,  used  for  the  confections,  marma- 
lade, and  preserves,  made  in  Dundee,  it  would  be  difficult  to  estimate ;  but  it  pro- 
bably amounts  to  2000  tons  annually. 

It  may  be  asked  whether  this  isa  nealthful  occupation  to  the  persons  engaged  in 
it ;  and  that  question  can,  it  is  believed,  be  confidentiy  answerea  in  the  affirmative; 
It  has  been  ascertained  that  working  among  sugar  and  fruit  is  not  injurious 
to  health,  but  the  reverse,  especially  when  care  is  taken  that  the^ temperature  m 
the  work-rooms  is  duly  equauzed  and  cleanliness  and  ventilation"  constantly  at- 
tended to.  

On  the  Utilization  or  more  ProfitahU  Employment  of  Male  Convicts, 

By  jAsrES  Oldham. 


On  the  Engineering  Manufacture  of  Dundee,     By  Jakes  G.  Okghaiu 

The  author  enumerated  the  firms  engaged  in  the  production  of  steam-engine?, 
general  millwright  work,  and  spinning,  Veaving  and  cloth-finishing  machmerr. 
The  invention  of  the  fan  blast  or  blowing  machine,  for  heating  and  melting 
iron,  by  Messrs.  James  Carmichael  and  Co.,-  of  Ward  Foundry,  was  described  at 
length,  and  the  invention  of  a  marine  reversing  gear  by  the  same  firm  was  also 
referred  to. 

A  photograph  of  the  first  locomotive,  made  in  1833  for  the  Dundee  and  Xew- 
tyle  Railway,  was  exhibited. 

The  author  next  described  the  invention  of  the  air-en^ne  by  the  Mcssrst. 
Stirling,  and  concluded  his  paper  with  an  accoimt  of  the  early  engineering  and 
millwnght  work  in  Dundee,  and  statistics  of  mill-machinery. 


On  the  Prevalence  of  "  SpedalsJce,**  or  Leprosy,  in  the  Kingdom  of  Norway.  7?v 
Henrt  J.  Ker  Poutek,  M,BJ,A,,  Mcriber  of  tlie  Philosophical  Society  of 
New  South  Wales, 

During  a  tour  in  Norway  last  year  (1866),  the  author  visited  the  Leper  Hospitals 
at  Molde  and  Bergin,  and  learned  that  the  disease  is  incurable.  Although  the 
disease  is  neither  infectious  or  contagious,  one  naturally  shrinks  from  contact  with 
these  poor  sufferers.  Many  of  the  patients  whom  the  author  saw  were  similarly 
aifected  to  those  seen  by  him  at  Calcutta  and  around  the  outer  walls  of  Jeruaalm. 
Some,  whose  fingers  were  contracted,  were  quite  devoid  of  feeling  in  tiieir  hands; 
others  were  suffering  from  tubercular  leprosy.  He  was  assured  by  the  resident 
Governor  at  Molde  that  there  were  many  truly  religious  persons  amongst  those 
patient  sufferers.  Those  who  had  the  use  of  their  hands  were  occupied  in  maldug 
fishing-nets,  or  preparing  fine  cord  for  that  purpose.  The  disease  is  hereditary; 
and  though  it  will  occasionally  pass  over  one  or  two  generations,  it  will  appear  m 
a  second  or  third  one.  Few  will  be  prepared  to  learn  that  in  Norway  there  are 
above  2000  lepers,  as  will  be  seen  from  the  following  abstract  from  the  official 
returns  furnished  to  the  Government. 
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Report  of  th4  known  number  of  lepers  in  the  Jcingdom  of  Norway  on  the  last 

Nine  Census  taken,  indtiding  hospitals. 

In  1856  Total  number  of  cases 2113 

1867  „  „  20e0 

1858  „  „  2082 

1850  ,,  „  2095 

1860  „  „  2068 

1861  ,,  ,,  2096 

1862  „  „  2119 

1863  „  „  2162 

1864  „  „  2182 

The  author  exhibited  yer7  finely-executed  coloured  engrayings  of  the  patients  who 
were  in  the  hospital  at  &rffin,  and  read  an  extract  j&om  a  valuable  work  by  W. 
Boeck,  Professor  of  the  Faculty  of  Medicine  at  Christiania,  and  D.  C.  Danielssen, 
Doctor  ''  en  chef"  at  Bergen^  showing  that  the  bad  food  and  clothing  and  lodging 
tended  to  the  increase  of  leprosy.      

On  ArhitraHon  in  the  Nottingham  Hosiery  Manufacture. 

By  E.  Kenals. 

Statistics  of  the  Social  Condition  of  Dundee.    By  A.  Eobebtson. 

On  the  Funds  available  for  developing  the  Machinery  of  Education. 

By  Professor  J.  E.  T.  Bogebs. 

Analysis  of  the  Report  upon  the  state  of  the  Empire  of  France,  presented  to  the 
Senate  and  Legislative  Body,  Felyruary  1867.  {Exposition  de  la  situation 
de  V Empire,  prSsentee  au  Sinat  et  au  Corps  lAgislaiif,  Fevrier  1867.)  By 
Colonel  Sykbs,  M,R,  FR.S. 

This  report  contains  in  detail  the  statistics  and  past  progress  of  eyery  department 
under  the  Govenunent.  and  gives  a  perspicuous  and  authoritative  statement  of  the 
French  Empire  up  to  February  1867^  in  all  its  political^  commercial,  and  social  rela- 
tionsy  everywhere  testifying  to  progress,  and  to  a  gradual  relaxation  of  the  old  cen- 
tralizing system,  and  to  opening  up  in  a  liberal  spirit  commercial  intercourse  with 
foreign  countries ;  the  prosecution  of  geographical  research  in  different  parts  of  the 
world,  and  the  patronage  of  literary  and  scientific  objects  at  the  public  expense,  ia 
very  marked.  

On  the  Population  and  Mortality  of  Calcutta.    By  P.  M.  Tait,  F.S,S,,  FR.  O.S. 

After  describing  Calcutta,  the  metropolis  of  British  India,  the  author  gave  some 
interesting  statistics,  chiefly  taken  from  a  report  in  the  census  of  Calcutta  for  the 
year  1866,  and  signed  by  A.  M.  Dowbans,  Vice-Chairman  of  the  Justices  of  the 
!Peace  for  the  town  of  Calcutta.  The  population  of  Calcutta  is  estimated  at  377,924, 
and  in  1850  the  population  was  estimated,  from  a  survey  made  at  the  time,  at 
853,567.  Great  dimculty  was  experienced  in  getting  up  the  last  census,  in  conse- 
quence of  the  prejudices  of  the  natives,  but  these  were  eventually  overcome  and  a 
pretty  correct  approximation  was  got.  There  were  58,892  houses  in  Calcutta  when 
the  census  was  taken.  The  population  of  Calcutta  is  distributed  as  follows : — 
Europeans,  11,224;  Mussulmans,  113,059;  Hindus,  239,190 ;  the  remaining  popu- 
lation is  made  up  of  Eurasian  Greeks,  Armenians,  Asiatics,  Jews,  Parsees,  .^^cans, 
and  Chinese.  The  suburbs  of  Calcutta  are  estimated  at  250,000,  middng  the  grana 
population  of  Calcutta  not  under  629,924.  The  highest  age  attained  in  reference 
to  each  class  was  Europeans,  87;  Eurasians,  104;  Armenians,  84;  Jews,  88; 
Musulmans,  100  j  and  the  Hindus,  116.  The  mortality  of  Calcutta,  according  to 
creeds,  is  Christians,  5*19 ;  Hindus,  6'41 ;  Mussulmans.  5*83.  From  a  report  by 
the  heiEdth  officer  of  the  Census  Committee,  it  appears  tnat  there  were  in  lo65, 304 
deaths  amongst  an  aggregate  European  population  of  11,224,  the  mortality  being 
thus  at  the  rate  of  2*71  per  cent«    But  uiese  figures  should  be  taken  with  reserve, 
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as  few  Emopeans  remftin  to  die  in  Calcutta.    That  which  materiallx  swelk  the 

mortality  of  Calcutta  is  the  death*rate  prevailing  amongst  common  soldiers  and 
Bailoi's  who  go  ashore  into  Lall  Bazaar  and  other  places  of  resort,  and  drizikin<!r 
arrack  and  other  yile  compounds,  staggering  out  and  remaining  in  the  open  air  all 
night,  thus  hring  on  fdmost  certain  death.  In  conclusioiii  the  following  is  the 
death-rate  per  cent,  per  annum  amongst  various  classes  in  India  according  to  dif- 
ferent authorities :— Bengal  military,  from  1800  to  1847  (Nelson),  2*40 ;  Madras 
military,  from  1808  to  1840  (Davies),  3-28 ;  Madras  military,  from  1808  to  1^57 
(Brown),  3*11;  European  soldiers,  from  1800  to  1866  (Farr),  6-68  j  Eurasians, 
irom  18i37  to  1851  (Tait\  2*47.  In  estimating  a  comparison  of  European  mor- 
tality in  India,  an  essential  element  is  the  penod  of  time  embraced  in  the  oliser- 
vations.  Thus  the  death-rate  during  the  first  quarter,  or  even  half,  of  the  present 
century,  is  no  just  criterion  for  friture  guidance.  A  great  change  for  tiie  better 
has  ta&en  place  within  the  last  ten  years,  and  Englishmen  may  now  settle  in  India 
with  much  less  cause  for  apprehension  than  prior  to  the  era  of  railways  and  the 
establishment  of  the  overland  route. 


Observations  on  Community  of  Language,  and  Uniformity  of  Notation^  Weights, 

Measures,  and  Coinage.    By  P.  H.  Tiroics. 

On  the  Linen  Manufacture  in  Dundee  and  its  Ndghhourhood, 

By  ALEXANDEfi  J.  "Wahdes^. 
In  Dundee  the  linen  manufacture  now  embraces  cloth  made  of  jute,  as  well  as  of 
flax,  and  both  fabrics  are  called  "  linen.'*  Linen  was  made  in  Egypt  at  a  verr 
remote  period,  and  the  manufacture  descended  from  that  wondrous  land  through 
Greece,  jRome,  and  Flanders  to  Britain.  In  Scotland  the  linen  manufacture  was 
for  many  ages  of  an  entirely  domestic  character,  and  it  extended  over  the  length 
and  breadth  of  the  country.  Dundee  engaged  in  the  linen  manufacture  '^a  long 
time  ago ;''  and  since  the  introduction  of  null-spinning,  about  1790;  if  not  before, 
it  has  been  the  great  seat  and  centre  of  the  linen  trade  of  Scotland.  Until  about  a 
century  ago  the  material  chiefly  spun  was  flax  of  native  growth  \  but  fbreign  fiax 
then  l)egan  to  be  imported  into  Dundee,  principally  from  Bussia,  and  now  almost 
the  whole  of  the  flax  consumed  in  that  town  and  neighbouriiood  is  firom  that 
country.  About  1830,  a  new  fibre,  of  Indian  growth  (jute^,  began  to  bs  used,  and 
though  it  made  little  way  for  a  time,  it  rose  in  favour  as  it  became  better  known, 
and  now  it  is  the  great  staple  of  the  town.  The  rapid  increase  in  the  consump- 
tion of  this  fibre  is  remarkable.  In  1880  it  was  300  tons ;  in  1846, 9200 ;  in  1850, 
31,000 ;  in  1866.  62,000 ;  and  this  year  (1867)  it  will  exceed  65,000  tons,  or  about 
500,000  bales.  The  consumption  of  flax  in  Dundee  has  not  varied  much  fbrthe  past 
few  vears,  it  being  about  ^,000  tons,  and  of  hemp  1000  tons,  making  k  total  of 
90,000  tons  per  annum.  In  the  district  around  Dundee,  about  37,000  tons  of  flax, 
2000  of  hemp,  and  1000  of  jute,  in  all  40,000  tons,  aro  consumed  annually.  The 
total  consumntion  of  flax,  jute,  and  hemp  in  and  around  Dundee  is  now,  tfiereforei 
about  130,000  tons  yearly.  The  cost  of  the  raw  materiel  used  in  Dundee  is  about 
£2,500,000,  and  in  the  district  around  £1,750,000 ;  together,  £4,250,000.  This 
material  is  spun  into  yam,  and  the  greater  part  of  t^e  yam  is  woven  into  linen  in 
the  district.  The  total  annual  value  of  these  commodities  exported  from  tha  town 
and  district  is  estimated  at  £8,000,000.  The  nominal  horse-power,  number  of  apia- 
dlesand  power-looms,  and  the  number  of  peisons  employed  in  the  spinning-mills 
and  power^loom  Victories  in  Dundee  and  in  the  district  around^  and  also  in  the 
other  parts  of  Scotiand)  at  1st  September  1867,  were  as  follows,  vii, — 

Horse-  Powiyr- 

Diatrict.                power.  Spindles.  looms.  Employees. 

Dundee 5822  202,406  7992           SB,310 

District  around    ....     6290  191,452  10,161           28,876 

t^^mmtmmm^^  tt_>^-^>MMiM  m^^^m^t^^mm  m^m-m^^.^,^ 

Together  12,112  893,918         18,143  64,185 

Other  parts  2840  93,601  1774  13,010 

Total 14,962  487,579         19,917  77,195 
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In  addition  to  the  persons  employed  in  the  mills  and  factories^  there  are  about 
SOyOOO  people  engaged  in  hand-loom  weaving,  &c.y  and  in  the  auxiliary  branches 
of  the  linen  trade  in  Dundee,  and  perhaps  10,000  in  the  other  districts,  making  the 
total  number  of  persons  engaged  in  the  linen  manufietctuie  of  Scotland  considerably 
to  exceed  100,000.  The  capital  invested  in  the  mills  and  hctoneB,  and  in  the  bleach- 
works,  calenders,  and  other  auxiliary  branches  of  the  linen  manu&oture  of  Dundee 
and  district  around^  buildings,  and  machinery,  is  about  £6,000^000,  and  in  the  other 
parts  of  Scotland  £1,000^000 1  together,  £7,000,000.  The  average  value  of  the 
stock  in  trade  in  the  hands  of  miporters^  manufacturers,  and  exporters  Ib  estimated 
at  £5,000,000.  The  total  capital  required  to  carry  on  the  linen  manufacture  of  Scot- 
land is  therefore  £12^000,000.  The  linens  made  comprise  many  fabrics,  from  the 
finest  shirting,  sheetmgs,  and  damask^  through  all  qualities  of  dowlas,  osnaburgs, 
spriggs,  padding,  ducks,  sailcloth,  hessians,  sacking,  bags,  bagging,  carpeting,  floor- 
cloth, &c.,  to  the  coarsest  mending  and  nail  bagging.  The  mills  and  factories^ 
especially  those  erected  in  Dundee  within  the  pest  few  years,  are  palatial  structures, 
unsurpassed  in  extent  or  solidity  by  any  which  have  yet  been  constructed  elsewhere, 
and  the  machinery  is  as  perfect  as  human  ingenuity  and  money  can  make  it  The 
various  floors  are  lofty  and  thoroughly  venmated,  and  every  modem  appliance  is 
taken  advantage  of  to  render  the  works  salubrious  and  healthy^  and  to  lessen  the 
labour  and  increase  the  comfort  of  those  employed.  A  visit  to  one  of  these  works 
will  gratify  and  instruct  all  who  take  an  interest  in  the  mechanical  indtistries  of 
the  countiy,  or  in  the'sanatorial  improvements  which  are  made  for  ameliorating  the 
condition  and  preserving  the  healtn  of  &ctoiy  operatives,  and  the  proprietors  will 
cordially  welcome  such  visitors. 

Ofi  the  Measure  and  Value  of  Oats,    By  A.  Stephen  "Wiubon. 


lieasons  why  the  Office  of  Warden  of  the  Standards  should  include  Standard 
Weights  and  Measures  of  the  Metric  System  in  addition  to  those  of  the 
Imperial  Weights  and  Measures.     By  Jambs  Yates,  F.R.S, 

The  office  of  Warden  of  the  Standards  was  created  by  an  Act  of  Parliament  passed 
in  August  1806,  called  the  "  Standards  of  Weights,  Measures,  and  Coinage  Act.*' 
Its  provisions  were  in  accordance  with  the  previous  recommendations  of  the  Com- 
mission for  the  Restoration  of  the  Standards  (1841),  of  the  Astronomer  Royal  (1869), 
and  of  the  Select  Committee  of  the  House  of  Commons  (1862).  Its  main  purport 
was,  that  a  distinct  department  of  Weights  and  Measures  shomd  be  establishea  in 
connexion  with  the  Board  of  Trade,  and  that  it  should  be  under  the  control  of  a 
warden,  or  chi^  officer,  whose  business  should  be  to  compare  standards  brought  for 
verification,  to  wateh  the  legislation  and  practice  in  our  own  country,  and  the 
course  followed  in  other  countries,  to  provide  the  standards  and  other  apparatus 
required  for  scientific  purposes,  and,  when  necessary,  to  memorialize  the  Treasury 
on  the  steps  which  ought  to  be  taken. — Mrst  JReport  (^Warden  t^the  «Sto»Mi^f*c2s,1867> 
p.  15.  But,  although  at  the  time  when  this  Act  was  passed  the  measures  and 
weighte  of  the  Metric  System  were  legalized,  no  provision  was  made  for  its  uss^ 
Hereupon  the  author  of  tms  paper  observes : — 

^'  The  gradual  extension  of  the  use  of  the  Metric  System  in  this  country,  leading 
on  to  its  general  adoption,  as  anticipated  by  the  Coxnmittee  of  the  House  of  Com- 
mons, shows  the  necessity  of  making  the  same  provision  for  it  as  for  the  Imperial 
Weights  and  Measures.  Metric  weighte  and  measures  are  now  made  in  consider 
able  quantities  by  English  manufacturers,  especially  in  London,  Birmingham,  and 
Sheffield.  Many  of  these  articles  are  exported  to  countries  in  which  the  Metric 
System  has  been  long  and  exclusively  established.  With  increasing  facilities  for 
the  manufacture  of  them,  it  may  be  expected  that  they  will  form  an  importent 
branch  of  our  foreign  trade.  London  tradesmen  are  greatly  disappointed  to  find 
that  the  Metric  Weights  and  Measures  Act  does  not  protect  them  in  using  Metric 
weights  and  measures.  The  manufacturers  of  such  weights  and  measures  apply  in 
vain  at  the  proper  offices  to  have  them  tested.  There  is  consequently  great  uncer- 
tainty and  Lability  to  fraud  in  their  use,  even  although  ''the  length  of  a  metre 
and  its  subdivisions  should  be  marked  upon  the  same  bar  with  the  standard  yard.'' 
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ThiiB  does  not  make  a  provision  by  which  all  persons  may  test  the  accuracj  of 
their  linear  measures;  and  it  leaves  the  weights  and  the  measures  of  capacity  out  of 
the  question. 

Aibr  further  insisting  on  the  necessity  for  additional  provisions  for  the  use  of 
the  Metric  System,  he  says,  that  if  the  newly  appointed  Standard  Commiasioneis 
''  will  pursue  the  task,  wnich  they  have  well  begun,  in  an  enlightened,  patriotic, 
and  generous  spirit,  striving  to  carry  out  the  recommendations  of  the  Committee 
of  the  House  of  Commons,  and  thus  to  instruct  the  people  in  the  principles  of  the 
system,  and  gradually  to  introduce  it  into  the  various  departments  of  Government, 
— if  they  persevere  m  this  course,  it  will  be  found  that  the  change  will  be  gladly 
and  thankiully  accepted  from  any  Administration  which  shall  have  l^e  wiadoxa  an^ 
the  happiness  to  introduce  if 

The  author  says  that  the  Committee  of  the  House  of  Commons  '^  studied  the 
subject  under  every  important  aspect,  and  after  a  long,  laborious^  and  moet  intelli- 
gent inquiry,  decided  unanimously  to  recommend  the  introduction  of  the  Metric 
System  in  the  Post-office,  in  levying  the  Custom  duties,  in  Government  contracts, 
in  the  examinations  for  the  Civil  Service,  in  all  schools  receiving  grants  of  public 
money^  and  in  aU  statistical  documents  ;  and  they  foresaw  that,  By  adopting  these 
preliminary  measures,  and  by  instructing  the  people  in  its  principles  and  practice, 
the  Government  would  prepare  for  its  universal  acceptance.  Although  the  Govern- 
ment has  not  yet  taken  action  in  this  direction,  yet  the  system  has  been  constantly 
making  progress  by  the  action  of  the  people  themselves.'' 

The  author  then  shows  that  England  is  lamentably  behind  other  coimtries  in 
promoting  this  great  reform^  whidi  must,  nevertheless,  proceed  even  in  this 
country. 

''  It  is,"  says  he,  ''my  sincere  desire  that  the  recently  appointed  Standard  Com- 
missioners may  be  the  honoured  instruments  of  introducmg  and  eiroediting  this 
great  change.  My  reason  is,  that  I  do  not  think  the  Government  coma  have  made 
a  better  appointment."  He  mentions  their  names  and  qualifications,  and  concludes 
by  expressing  his  opinion  that  they  were  chosen  on  account  of  their  past  services, 
tneir  eminence  as  men  of  science,  and  their  official  and  social  distinction.  He  trusts 
that  they  would  not  decline  the  honourable  labour,  to  which  the  present  proposal 
would  invite  them,  and  hopes  that  the  British  Association  for  the  Advancement 
of  Science  and  the  International  Decimal  Association  would  continue  their  assis- 
tance, and  that  this  popular  agency  would  combine  with  that  of  a  more  official 
character  to  accomplisn  the  scheme  recommended  by  the  Committee  of  the  House 
of  Commons.  

Notes  on  SeaU  and  Whale-Fishings  as  prosecuted  by  the  North-Sea  Fleet, 

hailing  from  Dundee,    By  James  Yeauax. 

This  paper  was  devoted  to  the  description  of  an  important  branch  of  industxy  pro* 
secuted  at  Dundee,  to  provide  a  necessaiy  ingredient  to  render  jute  applicable  or 
workable  into  its  varied  appliances. 

Whale  fishing  has  been  prosecuted  in  Britain  since  the  beginning  of  the  sixteenth 
century.  Acts  of  the  Legislature  were  passed  for  its  encouragement,  and  bounties 
were  paid  by  the  Government  to  the  adventurers,  both  on  the  tonnage  of  tiie  ships 
and  for  the  tons  of  oil  and  bone  landed  in  British  ports.  During  the  reign  of  James 
VI.  of  Scotland  and  of  England  Acts  were  passed  by  the  Imperial  Parliament  to 
encourage  the  trade.  Its  seamen  were  exempt  from  impressment  for  naval  service, 
and  bounties  on  the  produce  were  granted.  From  the  year  1783  to  the  end  of  1785 
these  bounties  amounted  for  England  to  £1,064,000,  and  for  Scotland  £202,000 ; 
the  officially  declared  value  of  the  whale-fisheries  imported  into  England  in  the 
forty-one  vears  included  between  1760  and  1800  being  £2,144,387. 

Ilsh-oit  was  at  that  time  applied  to  various  purposes,  but  the  chief  object  was  oil 
for  illumination. 

The  discovery  of  coal-gas  had  the  effect  of  lessening  the  demand  for  fish-oil,  and 
consequently  of  the  number  of  ships  employed  in  the  North-Sea  fisheries ;  and  al- 
though never  wholly  abandoned,  the  trade  dwindled  for  many  years,  and  only  re- 
vived when  the  use  of  jute,  a  fibre  manipulated  under  the  action  of  fish -oil,  created 
a  new  era  in  the  manufacture  and  production  of  many  useful  and  omamental  faluics. 
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JDnndee  first  engaged  in  the  whale-fishery  towards  the  close  of  the  last  century, 
and  had  eight  yessels  employed  in  it  in  1814^  varyinfi;  in  size  from  270  to  upwards  of 
300  tons  burden.  The  pursuit  had  proved  profitab^  as  in  the  year  1839  ten  ships 
were  enffaged^  but  from  that  date  for  nineteen  years  the  success  appears  to  have 
varied,  tne  number  employed  then  being  reduced  to  four. 

In  1858  the  late  Mr.  William  Clark  had  the  fuU-rigged  ship,  the  'Tay/  of 
above  600  tons  register,  converted  into  an  auxiliary  steam-screw  whaler,  oeing 
the  first  successful  introduction  of  steam  power  into  the  pursuit  from  the  port 
of  Dundee. 

Next  year  two  new  auxiliary  screw-steamers,  the  ^  Ihmdee '  and  '  Narwhal,' 
were  built  expressly  for  the  seal-  and  whale-fishing.  These  fine  vessels  proved 
the  superiority  of  steam  over  sail-ships  for  prosecuting  the  North-Sea  seal  and 
whale  fisheries ;  and  since  then,  throuf^h  local  enterprise  and  energy,  several  new 
powerful  steam-whalers  have  been  built,  and  several  sail-ship  whalers  have  been 
converted  into  screw-steamers,  and  added  to  the  Arctic  fieet,  there  being  now 
twelve  full-rigged  auxiliary  screw-steamers  of  from  400  to  600  tons  register  em* 
ployed  at  the  Greenland  Seal  and  Davis  Straits  WHiale  fisheries,  and  no  sailing- 
ship  in  the  trade  from  Dimdee,  Dundee  ranking  foremost  in  her  steam- whale  fleet 
of  the  ports  of  Europe  or  America.  The  value  of  this  fleet,  with  fidl  equipments 
for  a  season's  fishing,  with  the  requisite  boiling  &c.  premises  at  port  on  shore,  may 
be  roundly  estimated  at  £200,000,  and  the  gross  worth  of  a  successful  seal-  and 
whale-fishing  at  £120,000.  Fishing  by  steam  is  more  costly  than  by  sail-ships ; 
but  as  two  voyages  can  be  made  in  one  year  by  steam,  one  to  the  sealing  at  Green- 
land and  a  second  to  whaling  at  Davis  Straits,  with  greater  facilities,  the  extra 
expense  is  more  than  counterbalanced. 

To  accomplish  the  double  voyages,  vessels  must  leave  Dundee  for  the  seal- 
fishing  in  Greenland  waters  about  the  Ist  of  March,  returning  to  port  to  dis- 
chaijire  their  caigoes  about  the  26th  of  May ;  and  again  sail  for  whalmg  at  Davis 
Straits,  after  bemg  from  six  to  ten  days  in  harbour,  as  may  be  required,  to  dis- 
charge the  produce  of  the  sealing  voyasre,  and  to  recoal. 

Each  ship  is  equipped  with  eight  fishing  row-boats  about  twenty-five  feet 
long,  and  is  manned  with  sixty-five  to  eighty  hands  for  the  seal-captures,  and 
&tty  to  sixty  for  whaling. 

The  capture  of  3000  seals  is  considered  good  work  of  a  ship's  crew  in  a  day, 
but  stormy  weather  renders  the  number  which  may  be  secured  very  uncertain. 

The  whale-fishing  at  Greenland  and  Spitzbergen  is  now  seldom  prosecuted  by 
Dundee  ships,  that  at  Davis  Straite  being  preferred. 


MECHANICAL  SCIENCE. 


Address  by  Prof.  W.  J.  Macqtjokx  Rankine,  CE.^  LL.D.,  F.F.SIS,  L,  6f  E,  Sfc,^ 

President  of  the  Section, 

It  is  well  known  that  the  most  important  part  of  the  proceedings  at  the  Annual 
Meetings  of  the  British  Association  consists  in  receiving  reports  of  scientific  re- 
searches made  during  the  previous  year,  and  planning  those  to  be  made  during 
the  ensuing  year,  whether  by  observation  and  experiment,  or  by  collecting  and 
arranging  existing  information.  The  proposals  for  such  researches  originate  in  the 
Committees  of  the  several  Sections,  are  tnen  considered  by  the  Committee  of  Re- 
commendations, and  are  finally  sanctioned  by  the  General  Committee ;  and  the  re- 
ports of  them  are  read  to  the  Sections  with  whom  the  proposals  originated.  I  think 
it  may  be  useful  on  the  present  occasion  to  lay  before  tne  Meeting  a  brief  summary 
of  the  researches  which  have  been  made  or  recorded  at  the  instance  of  the  Mecha- 
nical Section  since  1850.  As  that  was  the  year  in  which  1  became  a  member  of  the 
Association,  I  will  refrain  from  extending  the  summary  to  earlier  years,  because 
that  duty  would  be  better  performed  by  some  member  who  took  part  in  the  pro-* 
ceedings  of  those  years. 
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Strength  ofMateriah, — This  subject  lias  obtained,  as  its  importance  deserve^  & 
large  share  of  the  attention  of  the  Section,  The  following  are  the  reports  which 
the  Section  has  receiyedj  and  the  dates  of  the  meetings  at  which  they  were  read : — 

1.  Mechanical  Properties  of  Metals  as  derived  from  frequent  MeltiziflSy  185S. 

2.  Tensile  Stren^h  of  Wrought  Iron  at  difl^rent  Temperatures,  18l»6.     S.  Resis- 
tance of  Iron  TuDes  to  Collapse,  1857, 1858.    4.  Besistance  of  (ilasa  Globes  and 
Cylinders  to  Collapse,  1858.    5.  Effect  of  Vibratory  Action  and  Long-oontijiaed 
Changes  of  Load  on  Wrought-Iron  GKrders,  1860, 1861.    Those  five  reports  are 
the  work  of  Dr.  Fairbaim ;  and  they  contain  solutions  of  questions  of  the  higiieet 
importance,  practical  as  well  as  scientific.    The  third  of  them,  in  particular,  con- 
tains the  discovery  of  a  new  law  in  the  stren^h  of  materials — ^that  which  connectB 
the  resistance  of  a  flue  to  collapse  with  its  thickness,  diameter,  and  length,  and  the 
correct  application  of  which  is  essential  to  the  safety  of  steam-boilers :  it  is  this — 
that  the  mtensity  of  the  pressure  on  the  outside  of  a  tube  required  in  order  to  make 
it  ooUapse,  varies  directly  as  the  square  of  the  thickness  nearly,  inversely  as 
the  diameter,  and  inversely  as  the  length.    The  fact  of  the  resistance  to  coUapee 
varying  inversely  as  the  length  had  never  even  been  suspected  until  it  wasbrouf^ht 
to  light  by  Dr.  Fairbaim's  researches ;  and  he  also  pointed  out  the  remedj^  for  £at 
cause  of  weakness  in  the  use  of  stiffening  rings  for  dividing  the  length  ot  the  tube 
into  intervals  of  a  length  consistent  wim  sarety.    The  fifth  of  those  reports  con- 
tains the  first  determination,  with  any  approach  to  precision,  of  the /actor  of  nafetif 
in  engineering  structures  of  wrought  iron.     (The  corresponding  factor  tor  cast 
iron  had  been  determined  by  the  Parliamentary  Commissioners  on  the  Application 
of  Iron  to  Railway  Structures.)    It  had  long  been  well  known  that  the  load  which 
structures  will  bear  with  safety  when  repeatedly  removed  and  replaced,  and  aocom- 
panied  with  vibration  and  rapid  motion,  is  very  much  less  than  the  load  required  to 
break  the  structure  at  once ;  out  the  ratio  which  the  latter  load  bears  to  the  former, 
called  the  ''  &ctor  of  safety,''  had  never,  until  these  researches  were  made,  been 
fixed  according  to  any  principle  based  on  a  foundation  of  experiment.    6.  Adap- 
tation of  Suspension  JBridges  to  Railway  Trains,  1857.  1858,  by  Mr.  Vignoles. 
Alon^  with  tnis  report  there  should  be  mentioned,  as  naving  contributed  to  the 
solution  of  the  same  question,  a  paper  by  Mr.  P.  W.  Barlow,  read  in  1860.    The 
researches  of  both  these  authors  relate  to  the  means  of  enabling  suspension  bridges 
to  bear  heavy  travelling  loads,  by  the  aid  of  stifieninff  framework.    7.  Strains  in 
the  Interior  of  Beams,  1862,  by  the  Astronomer  Royal.    8.  Stren^^  of  Materials 
in  Iron-ship-building,  1865,  by  Dr.  Fairbaim.    Next  foUow  a  series  of  reports  of 
very  high  interest,  relating  to  the  application  of  materials  to  the  art  of  national 
defence.     0.  Durability  and  Efficiency  of  Artillery,  1865 ;  a  provisional  report  by 
a  committee,  containing  suggestions  iox  researches.     10.  Resistance  of  Iron  Plates 
to  Pressure  and  Impact,  1866,  by  Dr.  Fairbaim.     11.  Mechanical  Properties  of 
Iron  Projectiles  at  lEgh  Velocities,  1862,  by  Dr.  Fairbaim.     12.  Rifled  Guns  and 
Projectifes,  1862,  by  Mr.  Aston.     13.  Penetration  of  Armour-plates  and  Iron-clad 
Ships,  1866,  by  Captain  Noble.    It  is  Unnecessary  to  enlarge  upon  the  value  and 
interest  of  the  results  recorded  in  the.  last-men tigned  report,  which  must  be  fresh 
in  the  recollection  of  the  members,  Laving  been  read  at  Nottingham,  and  printed  in 
the  last  volume  of  Reports.    Those  results  constitute  the  greatest  step  in  advance 
which  has  hitherto  been  made  towards  accurate  knowledge  of  the  quantity  of 
work  required  in  order  to  pierce  a  given  target  with  a  given  projectile,  and  the 
quantitv  of  powder  required  in  order  to  do  that  work.    14.  Mechanical  Properties 
of  the  Atlantic  Telegraph  Cable,  1864,  by  Dr.  Fairbaim. 

Motive  Power, — The  obtaining  of  motive  power  by  means  of  steam  has  to  a  great 
extent  been  considered  by  committees  of  the  British  Association  in  connexion  with 
the  propulsion  of  vessels ;  and  so  far  it  comes  under  the  head  of  steam  navigation, 
a  suDJect  to  which  I  shall  presently  refer  more  fully.  The  following  are  the  Reports 
relating  specially  to  motive  power : — 1.  On  the  Voi-tex  Water- Wheel,  1852,  by  Prof. 
James  Thomson.  2.  On  Water-Pressure  Machinery,  1854,  by  Sir  W.  G.  Armstrong. 
These  two  reports  contain  valuable  information  as  to  two  important  classes  of 
hydraulic  prime  movers.  8.  On  the  Density  of  Steam,  1858, 1860,  bv  Dr.  Fair- 
baim and  Mr.  Tate.  These  communications  were  not  printed  amongst  tne  Reports, 
but  only  in  the  'Proceedings '  of  this  Section,  being  merely  abstracts  of  ressiffohes 
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which  appeiured  in  detail  ia  th«PhiloBophicalTran«aotioiis;  but  the  importance 
of  the  results  contained  in  tiiem  makes  it  neoeasary  to  refer  to  them  now.  Those 
results  constitute  the  first  direct  determination  of  the  density  of  steam :  and  besides 
their  practical  value,  they  ftimish  a  most  remarkable  confirmation  of  the  dynamical 
theory  of  heat,  because  shey  agree  yery  nearly  with  the  densities  of  steam  which 
had  been  dednoed  from  the  laws  of  its  pressure  and  latent  heat  four  or  five  years 
before,  by  calculation  according  to  the  principles  of  thermodynamics.  4.  Steam- 
Boiler  Explosions.  1863,  by  the  Astronomer  Royal,  showing  the  great  explosive 
energy  possessed  by  a  mass  of  liquid  water  at  a  nigh  temperature. 

It  Jias  been  established  beyona  the  possibility  of  doubt,  according  to  the  second 
law  of  thermodynamics;  that  the  utmost  quantity  of  work  which  can  be  got  by  the 
expenditure  of  a  ffiven  Quantity  of  heat  depends  solely  on  the  limits  of  temperature 
between  which  the  engine  woiics,  and  is  independent  of  the  nature  of  the  fiuid  to 
which  the  heat  is  applied,  such  as  water,  ether,  air,  ammonia,  &a  The  means 
of  improving  the  economy  of  heat  in  thermodynamic  engines  are  of  three 
kinds :  first,  working  expansively,  so  as  to  obtain  from  the  neat  applied  to  the 
fiuid  all  the  work  that  is  possible  between  given  limits  of  temperature, — this  has 
probably  been  already  earned  to  the  utmost  extent  practicable  ]  secondly,  increasing 
the  range  between  those  limits  of  temperature, — to  this  there  are  liounds  set  in 
practice  by  the  conditions  of  durability  and  safety ;  and  thirdly,  diminishing  the 
quantity  of  heat  which  goes  to  waste  from  the  furnace.  The  last  is  probably  the 
means  which  at  present  holds  out  the  greatest  probability  of  improvement  upon  the 
economy  of  the  most  economical  steam-engines  of  the  present  time.  It  is  probable 
that  the  use  of  rock-oil  as  ftiel  may  contribute  towards  that  result ;  and  something 
may  perhaps  be  hoped  from  the  direct  use  of  the  products  of  combustion  to  drive 
the  ennne.  6.  Gun-cotton,  I86d-65.  In  these  reports  by  a  Committee,  it  is 
shown  now  gun-cotton  is  adapted  to  various  purposes  by  suitable  mechanical  pre- 
paration. 

MydrauHe  Btufineering. — 1.  On  the  Water-Supply  of  Towns,  1856,  by  Mr.  Bate- 
man.  A  report  of  ^raat  interest,  on  a  subject  worth;^  of  the  continued  attention  of 
the  Association.  2.  On  BainfaU,  1864-66.  A  senes  of  ^^orts  by  a  Committee, 
based  chiefly  on  observations  collected  by  Mr.  Symons.  These  will  probably  be 
continued  annually.  3.  On  Weir-Board  Gauges,  1856>  1858,  1860-61,  by  Prof. 
James  Thomson.  These  reports  contain  the  results  of  experiments  on  the  gauging 
of  the  flow  of  water  in  streams  by  means  of  "  notch-boards,"  shovdng  how  accuracy 
is  to  be  ensured  in  such  gauging ;  and,  in  particular,  the  properties  and  advanteges 
of  triangular  or  V-shaped  notches,  4  Tides  on  tne  Trent  and  Humber,  1804, 
by  Mr.  Oldham. 

Sh^iiidmg  and  Steam  yaviffoHon, — 1.  The  Strong  of  Materials  in  Iron  Ship- 
building, and  the  Resistance  of  Armour-plated  Ships  to  Penetration,  have  been 
referred  to  under  another  head.    2.  Tonnage  of  Ships,  1856-57,  by  a  Committee. 

8.  Steam  Navigation  at  the  PoH  of  HulL  1853, 1859, 1861,  by  Mr.  Oldham.  4.  Iron 
Shipbuilding  on  the  Tyne,  Wear,  and  Tees,  1863,  by  Mr.  Palmer.  The  three  pre- 
ceding subjects  partake  of  a  statistical  as  well  as  a  mechanical  character.  5.  lafe- 
Boats,  1854,  by  General  Chesnev.  6.  Stetistics  of  Life-Boats  and  Fishinff-Boats, 
1857,  by  Mr.  Henderson.  7.  Klver  Steamers,  1858,  by  Mr.  Henderson.  8.  Mer- 
canlile   Steam   Transport   Economy,   1856-57,  1850,   1861,  by  Mr.  Atherton. 

9.  Shipping  Statistics,  18o8,  by  Admiral  Moorsom.  10.  Resistance  of  Water 
to  Floating  and  Immersed  Bodies,  18G5-66.  Report  of  Experiments,  by  a  Com- 
mittee. 11.  Steamship  Performance,  1857-63: — A  series  of  reports  of  data  col- 
lected from  various  quarters  by  a  Committee,  presided  over  at  first  by  the  late 
Admiral  Moorsom,  and  afterwuds  by  His  Grace  the  Duke  of  Sutherland.  Re- 
terring  more  especially  to  this  last-mentioned  series  of  reports  (and  also  to  the 
reports  of  itie  experiments  of  Mr.  Scott  Russell  on  Waves,  published  previously  to 
the  period  to  which  this  summary  is  limited),  it  may  be  held  that  the  reports  and 
archives  of  the  British  Association  contain,  perhaps,  the  greatest  mass  of  data  of 
experiment  and  practice  ever  brought  together  for  the  purpose  of  improving  the 
science  of  the  designing  and  propulsion  of  vessels.  The  bulk  of  that  mass  of  in- 
formation is  so  great  that  it  was  resolved  last  year  to  appoint  a  committee  for  the 
purpose  of  oondennng  it ;  and  a  xvport  by  that  committee  will  be  laid  before  this 
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Meeting.  The  use  of  the  jet-propeller,  first  put  in  practice  in  1889  by  Meears^ 
Ruthyeu;  has  lately  been  reyiyea  and  extended ;  and  in  future  reports  it*ia  highlj 
desirable  that  examples  of  itsperfonnance  should  be  recorded. 

Conveyance, — 1.  Kailway  Brakes,  1859.  by  Dr.  Fairbaim.  2.  Sound  Signak  at 
Sea,  1861,  by  Prof.  Hennessy.  3.  Fog  Signals,  1863, 1866,  by  a  Committee.  All 
these  reports  contain  results  of  great  importance  to  the  public  safety.  The  atten- 
tion of  tne  Association  was  called  last  year  to  Mr.  Fell's  method  of  ascending  ste^ 
^adients  on  railways  by  the  help  of  a  central  rail. 

Metallurgy. — ^Altnou^h  no  report  ui>on  metallurgy  has  been  presented  to  this 
Section  within  the  penod  to  which  this  summary  mere,  I  consiaer  that  it  would 
be  incomplete  were  I  not  to  mention  two  ordinary  communications  to  the  Sec- 
tion, in  lo56  and  1865,  by  Mr.  Bessemer,  on  his  method  of  making  iron  and  steel, 
a  subject  to  which  the  Section  might  well  deyote  a  large  share  of  its  attention. 

AgricaUural  Machinery, — No  report  on  this  subject  has  eyer  been  laid  before  the 
Section,  but  an  ordinary  paper  was  read  in  1853  on  the  history  of  reaping  machines, 
by  Mr.  Crosskill.  The  myentor  of  the  first  practically  successful  reaping  machine, 
the  Rey.  Patrick  Bell,  resides  at  no  great  distance  from  Dundee ;  and  I  hope  that 
the  Meeting  may,  if  possible,  be  fayoured  with  the  presence  of  so  great  a  benefac- 
tor to  agriculture. 

Eepoits  were  made  on  the  following  subjects  at  the  instance  of  the  Medumical 
Section,  in  conjunction  with  yarious  other  Sections  of  the  Association : — ^Weights 
and  Measures,  1864-66.  Patent  Laws,  1858-^9,  1861.  Scientific  Eyidence  in 
Courts  of  Law,  1866. 

Considering  the  number,  the  variety,  and  the  extent  of  the  researches — of  ^yhich, 
in  the  limited  time  at  my  disposal,  I  haye  only  been  able  to  giye  an  account  so 
brief  that  perhaps  it  deserves  tne  name  of  a  catalogue  rather  than  that  of  a  sum- 
mary— the  labour  and  skill  expended  in  these  researches,  and  the  scientific  interest 
and  practical  utility  of  the  results  to  which  they  have  led^  I  think  that  ^e  Me- 
chanical Section  of  the  British  Association  niay  fairly  claim  the  credit  of  having 
exerted  itself,  not  only  for  the  advancement  of  science,  but  for  the  improvement  of 
practice,  with  industi^  and  with  success. 


On  the  Difficulty  of  obtaining  Local  Informatton  after  reaching  the  Summits 
of  Eminences  from  which  extensive  Views  are  obtained.  By  J.  Vas^-Nordht 
Bazalgette. 

To  supply  trustworthy  topographical  information,  the  author  proposed  that  local 
indicators  should  be  placed  upon  summits  which  are  periodically  visited  by  tourists. 
The  Local  Topogranhical  Indicator  would  consist  of  a  circular  table  of  stone  or  metal, 
engraved  with  radial  lines  pointing  in  the  direction  of  any  olpect  of  interest. 
Upon  the  line  would  be  engraved  the  name  of  the  object,  its  distance  firom  the 
pomt  of  view,  and,  in  the  case  of  mountains,  giving  their  correct  height  above  the 
sea.  A  table  of  three  feet  in  diameter  would  be  sufficientiy  large  to  embrace  a 
district  of  thirty  miles  in  radius,  which  would  generally  be  found  sufficient.  To 
facilitate  reference,  concentric  lines,  at  distances  of  five  miles,  would  be  engraved 
upon  the  table,  within  which  circles  the  names  of  places  at  such  distances  would 
appear.  Upon  an  outer  circle,  the  names,  directions  and  distances  of  large  cities, 
cathedrals,  dockyards,  headlands,  and  other  objects  of  interest  beyond  the  thirty- 
mile  circle  would  be  shown.  In  the  centre  of  tne  table  may  be  placed  a  telescope, 
with  an  indicating  hand,  arranged  so  that  on  placing  the  nand  m  the  direction  of 
any  object,  the  object  itself,  if  within  the  range  of  sight,  would  be  brought  within 
the  field  of  the  telescope.  Arrangements  are  now  being  made  by  the  author  for 
the  erection  of  a  local  indicator,  with  a  telescope  and  ught  ornamental  shelter, 
upon  the  summit  of  the  Malvern  Beacon  Hill,  in  Worcestershire.  The  form  of 
tne  local  indicator  may  be  varied  according  to  circumstances.  It  may  be  cheaply 
constructed  in  cast  iron,  and  with  or  without  the  telescope  and  building.  The 
local  indicator  would  afibrd  to  the  tourist  much  of  the  interest  and  information 
which  is  frequently  lost  in  consequence  of  fogs  enveloping  the  summit  which  with 
difficulty  he  nas  reached,  and  would  at  once  point  out  we  direction  for  returning 
want  which  the  author  has  frequentiy  experienced.    A  smaller  and  less  com- 
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plicated  form  of  indicator  woidd  be  useful  in  o]^n  places  in  large  towns,  the 
direction  and  distances  to  churches,  railway  stations,  theatres,  &c.  beiiiff  given. 
The  tops  of  letter  pillar-boxes  being  proyided  with  such  information,  womd  assist 
strangers  as  to  distances  and  cab-fares. 

On  ike  MeOiods  for  Testing  fhe  Speed  of  Vessels  over  ihe  Measured  MxU^ 

By  Admiral  Sir  E.  Belcheb,  K,C,B. 

The  author  pointed  out  that  the  trial  of  a  vessel  over  one  mile  could  not  be 
considered  any  test  of  her  real  speed  or  capabilities ;  besides  which,  he  thought 
the  taking  the  speed  should  not  be  entrusted  to  those  on  board.  He  considered 
that  the  force  and  action  of  the  tides  had  not  been  duly  ascertained,  inasmuch  as 
experience  had  shown  him  that,  while  the  surface-tide  appeared  by  the  buoys  to 
be  running  a  strong  ebb,  an  undercurrent  was  running  floocL  and  exercising  a  con- 
siderable mfluence  on  the  body  of  the  vessel  immersed.  This  underneath  current 
he  thought  would  vitiate  any  results  obtained  by  the  course  generally  pursued  for 
testing  uie  speed  of  vessels.  He  would  suggest  a  series  of  experiments  similar  to 
those  carried  out  by  himself  at  Kingston  in  1835  to  test  the  strength  of  this  under- 
current. He  proposed  further  that  the  speed  should  be  testea  on  terra  firmaj 
where  umpires  should  decide,  by  a  pair  of  fixed  theodolites,  the  times  of  transit. 
Taking  away  from  those  on  boaid  any  control  over  the  starting  moment,  he  would 
cause  them  to  indicate  by  intersections,  every  ten  minutes,  tne  exact  course  the 
Tessel  had  pursued.  As  regards  the  mode  of  trial,  the  run  should  be  for  twentr- 
four  hours  at  least.  She  should  have  a  supply  of  coal  for  thirty  hours.  At  the 
end  of  the  run,  her  remaining  coal  should  be  carefully  measured,  the  general  tem- 
perature of  the  engine-room  should  be  carefully  noted,  the  condition  of  the  paint 
on  her  funnel  examined,  to  ascertain  whether  the  firing  has  been  excessive,  and  a 
full  report  should  be  made  as  to  how  she  had  behaved  against  a  head  sea,  her 
easiness  of  steering,  &c.  

On  Beaping-Machinery,    By  the  Rev.  P.  Bell. 

After  giving  an  account  of  the  modes  of  reaping  com  in  use  from  the  earliest 
times,  pomting  out  how  little  alteration  had  been  made  in  them  down  to  modem 
days,  the  author  narrated  the  circumstances  under  which  he  had  been  led  to  give 
his  attention  to  the  subject,  and  ultimately  to  succeed  in  constructing,  in  the  year 
1828,  a  reaping  machine,  which,  although  it  did  not  then  come  into  general  use, 
was  efficient  for  the  purpose,  and  which,  m  fact,  was,  with  scarcely  any  alteration, 
the  reaping  machine  of  the  present  day. 

On  an  Iron  Camb  for  Power  Looins,    By  James  K.  Caibd, 


On  the  Birmingham  Wire  Gauge,     By  Latimeb  Clabk. 

The  object  of  the  paper  was  to  point  out  the  necessity  for  haying  a  recognized 
standard  gauge.  The  author  proposed  the  appointment  of  a  committee  to  mves- 
tigate  and  report  upon  the  subject.  The  dinerences  which  now  existed  in  the 
various  gauges  in  use  made  serious  difTerences  in  contracts — in  one  instance  in 
which  the  author  was  concemed  a  money  difierence  of  £8000  in  one  contract. 

On  J,  B,  Swanks  Improved  Calcining  Kilns,     By  J.  Eckebsley. 

The  Besulis  of  Experiments  on  the  Bigidity  of  Glass,  Brass,  and  Steel. 

By  Dr.  J.  D.  Evebett. 

The  author  described  the  ingenious  arrangements  by  which  the  experiments 
were  carried  on.  and  the  minute  deflections  measured.  Cylindrical  rods,  about 
one-third  of  an  inch  in  diameter,  of  flint-glass,  drawn  brass  and  steel,  were  alter- 
nately bent  and  twisted  by  known  couples,  so  applied  that  the  couple  (whether 
of  flexure  or  tension)  was  always  uniform  througn  the  whole  length  of  the  rod. 
The  amounts  of  bending  and  twisting  thus  produced  in  a  given  portion  of  the 
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rod  were  measured  by  the  aid  of  two  mirrorB  clamped  to  the  rod.  In  the  eariier 
experiments^  these  mirrors  were  made  to  reflect  a  dark  line  placed  in  front  of  a 
lamp-flame,  and  the  displacements  of  the  images  were  measured  on  a  screen.  In 
^e  later  experiments,  two  telescopes  were  placed  almost  vertically  over  the  two 
mirrorsi  so  as  to  look  down  into  them,  and  a  sheet  of  paper  (cross-ruled)  was 
fixed  in  a  horizontal  position  overhead.  The  displacements  of  the  linea  on  iM* 
sheet  as  seen  in  the  telescopes  were  then  observed.  From  the  measurements  of 
flexuxe  and  tension  thus  obtained,  the  ooeiEcients  of  elasticity  and  rigidity  for 
the  substanced  operated  on  were  calculated. 

On  the  Iran  and  Sted  shown  at  th0  Paris  Exhibition,    By  Johst  Febitie. 

The  author  stated  that  a  great  deal  had  been  said  about  the  advance  the  French 
had  made  in  this  department,  but  he  thought  this  was  erroneous.  Goal  was  sent 
into  France  free  of  auty,  and  English  raw  iron  with  a  very  small  duty.  Wheo, 
however,  the  English  came  to  send  their  finished  iron  into  France,  it  was  practi- 
cally prohibited  by  the  duty  imposed.  The  only  iron  in  the  Exhibition  from 
England  was  from  the  best  Yorkshire  houses,  and  a  very  few  others.  He  ^isi 
called  attention  to  the  large  girders.  There  were  several  specimens  of  these 
exhibited  in  the  French  department,  which  were  larger  than  any  ever  rolled  in 
this  country.  These  girders  were  3  feet  7  inches  in  depth,  but  only  12  feet  long — 
a  length  wholly  inadequate  in  proportion  to  their  depth.  The  length  for  all  prac- 
tical purposes  should  be  at  least  fifteen  times  the  depth.  These  were  mere  town 
de  force.  He  believed  that  the  process  of  building  up  such  masses  of  iron,  and 
the  frequent  reheatings  and  cooling  necessary  for  the  purpose,  would  not  produce 
a  girder  anything  like  equal  to  a  girder  made  in  the  ordinary  way — of  boiler-plates 
riveted  together.  These  girders,  in  the  opinion  of  the  author,  had  been  made  lor 
the  purpose  of  going  beyond  the  English  people,  and  not  so  much  for  their  prac- 
tical value— in  short,  to  excel  the  English  m  this  respect.  Another  process  of 
the  manufacture  was  that  of  stamping,  lately  introduced,  and  which  has  oeen  very 
largely  carried  out  by  the  French.  This  process  was  to  make  a  complicated  forg- 
ing in  small  pieces,  then  fix  them  together,  put  it  in  the  furnace,  and  raise  to  a 
welding  heat,  bring  it  under  an  immense  die  or  hammer,  and  thus  complete  the 
process  of  for^ng.  This  process  had  not  come  into  general  use  in  this  country ; 
but  one  ""  '  ' 
to  those 


ess  01  lor^ng.  xnis  process  uaa  not  come  inio  general  use  in  wis  country ; 
one  English  nouse  had  shown  several  specimens  quite  equal  in  manufacture 
lose  exhibited  by  the  French.    The  manufacture  of  steel  m  large  masses,  ex- 


01  cast  steel,  in  one  casting,  were,  he  believed,  the  finest  ever  exhibited.  So  far  as 
France  is  concerned,  England  had  not  been  excelled  in  any  department  in  tiie  ma- 
nufacture of  iron  or  steel.  

An  Account  of  BergstroenCs  Boring  Machine,  used  at  the  Perseherg  Mines, 

Sweden,  By  Dr.  C.  Lb  Neve  Fosteb. 
The  author  described  a  small  machine  for  boring  holes  for  blasting.  The  ma- 
chine had  taken  the  place  of  human  labour  [applied  to  the  mallet  and  ordinary 
borer  or  drill.  It  weighed  only  122  lbs.,  cost  1^22  10«.,  and  was  worked  by  com- 
pressed air.  The  air-compressor,  pipes  for  conveying  the  air,  and  other  details, 
were  described;  and  the  author  then  proceeded  to  an  account  of  the  general 
results  which  had  been  arrived  at  by  careful  experiment,  showing  that  it  had 
been  found  that  the  driving  of  a  level  was  done  twice  as  quickly  oy  using  tlie 
machine  as  it  could  be  done  by  hand  labour,  and  with  a  saving  of  20  to  ^  per 
cent,  in  money.  

On  the  Stowage  of  Ships*  Boats,     By  George  Fawctts. 

On  the  Application  of  the  Funds  derived  from  Patent-Fees. 

By  G.  B.  Gallowat. 
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On  8team  CuUivaUm.    By  Datib  OiiEie. 
Ot%  the  Heating  of  Hot  Houses.    By  John  Hallidat. 

Oil  an  Improved  Suspension  Bridge.    By  A.  S.  Hallidie,  C.E. 

On  ihe  AppluHxHon  of  Machinery  to  Boring  and  Tunnelling. 

By  General  Haupt. 

The  author  gaye  an  account  of  the  circumstances  under  which  he  had  been  led 
to  consider  the  possihility  of  applying  steam  to  tunnelling,  an  application  which 
engineers  had  imiversally  nronounced  impracticable,  but  which  he  had  demonstrated 
to  be  not  only  possible,  put,  under  certain  circumstances,  highly  advantageous. 
The  author  then  explained  the  construction  of  his  drilling-engine,  the  mode  of 
mounting,  the  appliances  for  erecting  and  removing  the  machines,  the  power  to 
drive  them,  the  questions  of  ventilation,  lighting,  blasting  by  electricity,  and  the 
application  of  the  system  to  Cornish  mining.  The  construction  of  the  machines 
was  explained  by  means  of  diagrams,  without  which  it  would  be  hopeless  to  attempt 


From  experiments  made  by  the  author  at  the  Franklin  tunnel,  the  enormous  loss 
of  power  by  passage  of  air  through  pipes  has  been  practically  measured.  As  an 
instance  of  tne  advantage  of  using  large  pipes,  it  was  stated  by  General  Ilaupt 
that  with  110  square  inches  of  cross-section,  550  horse-power  would  be  required 
to  pass  3674  cubic  feet  of  air  per  minute  through  a  pipe  four  miles  long,  whereas 
less  than  ten  horse-power  would  suffice  if  the  pipe  haa  a  cross-section  of  ten  square 
feet.  In  the  course  of  the  reading  of  the  naper.  General  Ilaupt  alluded  to  the  mili- 
tary railway  bridj^es  constructed  during  tne  civil  war  in  America,  and  he  explained 
the  system  by  diagrams  on  the  blackboard,  and  showed  how  a  bridge  had  been 
constructed  in  four  days  and  a  half,  chiefly  by  the  aid  of  negroes,  which  was  600 
feet  long,  and  nearly  100  feet  high,  the  timber  being  cut  from  the  stump. 

On  the  Iron  and  Steel  at  the  Paris  Exhibition.    By  Ferdinand  Kohn. 

The  collection  of  iron  and  steel  in  the  Paris  Exhibition  was  one  of  the  most  com- 
plete and  instructive  i-epresentations  of  the  present  state  of  iron  metallurgy  in 
aU  its  branches  which  could  have  been  brought  toother  at  any  one  spot  under  any 
circumstances.  The  writer  then  spoke  of  the  mam  cause  of  the  great  industritil 
revolution  now  witnessed — an  invention  with  which  the  British  Association  had  an 
historical  connexion — the  Bessemer  process,  which  process  had  been  most  suc- 
cessful during  the  eleven  years  of  its  existence.  He  next  referred  to  those  much- 
admired  steel  castings  of  Hhenish  Prussia,  which  had  caused  so  much  interest  and 
curiosity  by  their  extraordinary  sizes  and  qualities,  and  he  referred  to  the  secrecy 
and  mystiiication  which  surrounded  their  manufacture,  arising,  in  his  opinion,  from 
the  want  of  an  efiective  patent  law  in  Prussia.  In  conclusion,  he  remarked  that 
the  vague  notion  now  existing  in  Britain  that  the  superiority  and  predominance  of 
British  iron  manufacture  had  ceased  to  exist,  or  was  threatened  to  be  overthrown 
by  continental  competitors,  had  no  foundation,  judging  by  the  state  of  things  in 
the  Paris  Exhibition.  [ 

On  an  Improved  Marine  Steam-Boiler.     By  J.  Let\^s. 

This  boiler  is  constructed  with  a  series  of  undulating  flues,  instead  of  the  or- 
dinary arrangements  of  tubes  employed  in  marine  boilers.  The  results  of  a  series  of 
experiments  made  with  marine  boilers  of  this  construction  show  a  very  considerable 
economy  in  the  quantity  of  fuel  required,  and  also  the  evaporation  of  a  given  quan- 
tity of  water  in  a  given  time.  This  boiler  occupies  the  same  space,  and  is  ex- 
ternally of  the  same  form,  as  the  ordinary  tubular  Boiler. 
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On  the  Construetim  of  Uu  Lifeboat.  By  Professor  Macdokau). 
Instead  of  the  common  form  of  the  boat,  with  a  shacp  keel,  the  autiior  suggested 
the  more  ample  and  expanded  form  of  the  head  of  the  whale,  but  rising'  high  oot 
of  the  water  at  the  bow,  having  bluff  sides,  but  ending  in  a  long  clean  run  aft,  nar- 
rowing towaids  the  stem,  where  the  moTing  paddle-wheels  or  Archimedean  screw 
should  be  placed.  ___-, 

On  an  Improved  PaddU-wheeL    By  Professor  Macdoitaxd, 

On  Iron  Floating  Forts,  Iron  Harbours,  and  other  Floating  Structures;  tad 
on  DafVs  Method  of  Construction  of  Iron  Fabrics.     By  S,  J.  Mackis. 

On  the  Theory  of  Diagrams  of  Forces  as  applied  to  Hoofs  and  Bridges, 

By  J.  Clebk  Maxwell,  F.R.SS.  L,  ^  E, 

A  roof  is  made  up  of  a  series  of  vertical  frames.  A  diagram  of  forces  is  a  figure 
consisting  of  straight  lines,  which  represent,  both  in  magnitude  and  direction,  tie 
tensions  and  pressures  in  the  different  pieces  between  the  joints  of  the  frame.  The 
pieces  of  the  frame  nnd  the  weights  acting  on  it  are  denoted  bj  capital  letters,  and 
the  corresponding  lines  of  the  diagram  by  small  letters.  The  diagram  is  constructed 
by  the  following  rule,  whidi  is  sufficient  for  the  purpose : — ^The  frame,  including  the 
vertical  lines  representing  the  weights,  and  the  diagrams  of  forces,  are  reciprocal 
figures,  such  that  every  hue  in  the  one  is  parallel  to  the  correroondinff  line  m  the 
oQier,  and  every  set  of  lines  which  meet  in  a  point  in  the  one  figure  form  a  dosed 
figure  in  the  other.  It  follows  from  this  that  the  weights,  which  are  all  Terticd 
forces,  are  represented  by  the  parts  of  one  vertical  line.  The  first  extension  of  the 
principle  of  the  diagram  of  forces  was  made  by  Dr.  Bankine  in  his  *  Applied 
Mechanics.'  The  uieory  was  generalized  by  the  author  in  the  PhiloeoptiicBl 
Magazine  in  April  1864.  In  the  present  paper  it  is  shown  to  be  connectea  with 
the  theory  of  reciprocal  polars  in  solid  geometry,  and  rules  for  the  construction  of 
diagrams  are  given.  The  advantage  of  the  method  is  that  its  construction  requires 
only  a  paralld  ruler,  and  that  every  force  is  represented  to  the  eve  at  once  bv  a 
separate  line,  which  maybe  measured  with  sufficient  accuracy  for  all  purnoees  with 
lew  trouble  than  the  forces  can  be  found  by  calculation.  It  also  afforos  security 
against  error,  as,  if  any  mistake  is  made,  the  diagram  cannot  be  completed. 

On  Covered  Life-Boats.  By  Geobob  Maw,  F.S.A.,  F.O.S.9  ^e. 
In  advocating  the  employment  of  closely-covered  boats  for  shipwreck  aerrice 
from  vessels  at  sea,  the  author  pointed  out  the  different  requirements  from  those 
engaged  in  coast  service.  In  rescuing  from  the  land  the  crews  of  coast-wrecked 
vessSs,  the  power  of  navigation  and  locomotion  was  of  paramount  necessitT. 
whilst  in  the  case  of  vessels  foundering  at  sea,  the  means  of  locoixiolion  was  alto- 
gether of  secondary  importance  to  such  qualities  as  would  nrovide  for  the  cer- 
teinty  of  floatation.  To  ensure  this,  the  author  proposed  a  li^nt  boat-shaped  iron 
caisson,  perfectly  covered,  except  a  man-hole  for  access,  which  would  be  water- 
tight when  closed,  and  two  openings  for  ventilation.  A  self-acting  valvukr 
arrangement  was  described,  by  which  water  would  be  perfectly  excluded  durinir 
the  occasional  breaking  of  a  wave,  whilst  allowing  a  free  passage  of  air  when 
not  submerged.  

On  a  new  Mode  of  constructing  the  Surface  of  Streets  and  Thoroughfares. 

By  Joseph  Mitchell,  C,E.,  F.BJS,E. 

On  (he  Use  of  MoveaUe  Seats  for  Slide-  Valves.   By  James  R.  Napier,  F.iLS'., 

Marine  Engineer,  and  W.  J.  Macqitokn  Eankinb,  C.E.,  LL.D.,  F.B.S. 

The  great  practical  convenience  of  the  slide-valve  and  link-motion  as  means  of 

varying  the  rate  of  expansion  in  steam-engines  is  well  known.     An  objection  to 

their  use,  however,  arises  from  the  fact^  that  the  points  of  admission^  cut-off, 
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release^  and  compression  are  related  to  each  other  in  Buch  a  manner  that,  in 
desigmng  a  slide-valve  motion,  the  fixing  of  any  three  of  those  points  for  a  given 
position  of  the  link  fixes  the  fourth  point  also.  For  example,  suppose  that  in  a 
certain  position  of  the  Unk,  the  positions  of  the  eccentrics  and  the  lap  or  cover  at 
the  eduction-edge  of  the  cylinder-port  are  so  adjusted  as  to  give  a  certain  rate  of 
expansion:  then  the  only  element  remaining  capable  of  adjustment  is  the  cover 
at  the  eduction-edge  of  uie  port ;  and  that  element,  when  it  is  fixed,  fixes  at  once 
the  release  and  the  compression ;  and  it  often  happens  that  the  best  positions  of 
the  points  of  release  and  of  compression  are  inconsistent  with  each  other;  so  that 
a  compromise  has  to  be  made.  That  objection,  in  some  examples  of  slide-valve 
motions,  has  been  overcome  by  the  use  of  double-slides;  but  in  all  the  double 
slide-vaive  motions  hitherto  introduced,  there  exists  the  defect  of  complexity  in 
construction  and  working;  for  in  addition  to  the  ordinary  handle  of  the  Imk- 
motion,  a  second  handle  nas  to  be  used  in  varying  the  rate  of  expansion.  The 
authors  of  this  paper  propose  to  accomplish  the  same  result  in  a  very  simple  way, 
by  giving  a  small  sliding  motion  to  that  part  of  the  valve-seat  whicn  contains  the 
induction-edges  of  the  cylinder-ports,  so  as  alternately  to  contract  and  enlara^e 
those  ports  at  each  stroke  of  the  engine.  The  only  mechanism  required,  in  adm- 
tion  to  the  ordinary  slide-valve  gear^  consists  in  the  moveable  seat,  with  a  rod 
and  a  third  eccentric  to  give  it  motion:  the  rate  of  expansion  is  varied,  when 
required,  by  shifting  the  Imk  in  the  ordinary  way  by  the  use  of  the  ordinarv  handle 
alone ;  yet  the  efiect  is  the  same  as  if  the  admission  and  the  exhaust  of  the  steam 
were  reg^ulated  by  two  different  slide-valves,  each  with  its  own  link-motion  and 
pair  of  eccentrics.  Hence,  in  designing  the  valve-motion,  the  points  of  release  and 
compression  can  be  adjusted  to  the  best  positions,  independently  of  the  points  of 
admission  and  cut-off.  The  authors  consider  that  the  moveable  seat  which  they 
propose  ought  to  be  used  together  with  a  kind  of  slide-valve  on  which  the  pres- 
sure of  the  steam  is  balanced,  such  as  that  introduced  by  Mr.  Thomas  Adams,  in 
order  that  ihe  different  rates  of  travel  of  the  slide-valve  over  the  fixed  and 
moveable  parts  of  the  valve-seat  may  not  produce  unequal  wear. 

On  ihe  Consumption  of  Fud.    By  Williak  Patbbson. 

On  some  of  the  Difficulties  the  Scientijie  Engineer  meets  with  in  Practice, 

By  W.  W.  Ubquhaet. 


APPENDIX. 


The  Relation  of  the  Upper  and  Lower  Crags  in  Norfolk. 
By  John  E.  Tatlob,  Hon.  Sec.  Norwich  Oeol.  Soe. 

The  object  of  this  paper  was  to  prove  that  the  present  classification  of  shells  in 
the  Norwich  Crag  is  ^imperfect  on  account  of  an  upper  bed  being  included  in  the 
Crag.  The  mean  percentage  of  the  shells  from  the  two  crags  makes  the  relation 
of  me  Bed  and  Norwich  Crags  very  dissimilar,  whereas  there  is  really  a  near  con- 
nexion between  them.  By  separating  the  shells  of  the  upper  bed,  the  underlying 
Norwich  Crag  approaches  the  Red,  whilst  the  upper  bed  itself  forms  a  graduating 
link  between  the  three  Crags  and  the  overlying  Drift  beds. 

After  giving  the  established  percenta^s  of  recent  and  extinct  shells  in  the  three 
Crags,  as  well  as  the  proportion  of  arctic  shells  found  in  them,  the  author  men- 
tioned several  places  m  Norfolk  where  the  Upper  Crag  may  be  seen  overlying  the 
Norwich  Cwg,  as  at  Coltishall,  Horstead,  ftowse,  Thorpe,  Whitlingham,  and 
Bramerton.  The  height  of  the  upper  bed  ranges  above  the  lower  froin  3  to  15  feet 
It  is  marked  by  the  total  absence  of  freshwater  shells,  by  the  paucity  of  littoral 
species,  and  by  the  abundance  of  deeper  sea-shells.  It  is  also  distinguished  by 
tne  greater  abundance  of  arctic  species,  as  at  Bramerton  and  Thorpe,  where  several 
species  of  Astarte,  Cyprina  islamica,  Cardium  grceidandicumf  Lucina  boreaUs,  and 
others  abound* 
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The  (iutlior  also  showed  that  the  shells  of  the  Red  and  Norwich  Crags  separated 
them  into  distinct  beds,  whilst  the  same  method  would  also  separate  the  Upper 
from  the  Lower  Crafc  in  Norfolk.  He  therefore  contended  for  the  existence  of 
fow  Crags  instead  of  the  present  classification  of  them  into  A^r^e.  This  arrax^R- 
ment  established  a  complete  and  beautiful  sequence  between  the  oldest  Coraliins 
Oraf:  and  the  latest  Drift  deposits.  

On  the  Internal  Heat  of  the  Earth.    By  Dr.  Jnius  Schtarcb,  F.G.S, 

The  author  reviewed  the  evidence  upon  which  is  founded  the  doctrine  of  central 
heat  as  applied  to  the  earth.  It  is  based  on  three  arguments : — one,  gathered  from 
volcanic  plienomena — phenomena  which  may  be  explained  by  the  chemical  and 
electi'o-chemical  schools  of  geologists  at  least  as  satisfactorily  as  by  the  supporters 
of  central  fire ;  the  second  argument  is  deduced  from  the  nebular  hypothesis,  an 
hypothesis  having  now-a-days  no  other  foundation  than  what  is  inrolved  in  it  from 
the  central-fire  hypothesis ;  and  the  third  is  deduced  fifom  the  supposed  unifonn 
increase  of  temperature  down  to  the  centre  of  our  planet,  in  every  part  of  the  eartli, 
— an  argument  which,  a^ain,  is  a  mere  hypothesis. 

Having  carefully  studied  the  literature  of  the  subject,  Br.  Schvarcz  criticised  the 
observations  upon  which  the  hypothesis  of  central  fire  is  supported,  and  showed 
how  imperfect  and  confiictiug  is  the  evidence  to  prove  that  the  increase  of  under- 
ground temperature  is  really  general  and  uniform. 

Before  generalizing,  we  must  accumulate  a  greater  number  of  facts,  precisely  re- 
corded, than  are  at  present  at  command ;  and  he  therefore  ur^ed  geologists  to  com- 
bine all  their  efibrts  in  order  to  multiply  geothermomctrical  observations,  especially 
in  countries  now  unexplored. 

He  was  of  opinion  that  solar  impressions,  in  all  the  climates  on  our  earth^s  sur- 
face, taken  collectively,  and  local  reservoirs  of  lava,  not  exceeding  considerably  tiie 
depth  of  thirty-five  geographical  miles,  and  manifesting  themselves  through  Tolcanic 
cones  from  local  processes  of  oxidation,  must  be  taken  for  those  secondary  causes 
which  remain  indispensable  elements  of  any  aetiologv  of  underground  temperatures, 
even  for  theories  to  come.  Electricity,  as  connected  with  cosmical  magnetism  and 
planetary  rotation,  may  have  been  an  miportant  agent,  besides  the  secondary  causes 
just  alluded  to.  

Nouvelle  comparaison  des  ntemhres  pelviens  et  thoraciques  cfiez  THamme^  les 
Mammifires,  les  Oiseaux  et  les  Reptiles,  diduite  de  la  torsion  de  Vhumirus, 
Par  Chaklbs  Martins. 

Yicq-d'Azyr  est  le  premier  qui  ait  attaqu^  r^solument  et  discut^  s^rieusement 


axes  du  col  du  fi^mur  et  du  col  de  Thum^rus  n'^taient  pas  parallSles,  et  eut  la  mal- 
heureuse  id^e  nour  r^tablir  ce  parall^lisme  de  comparer  le  membre  sup^rieur  droit 
au  membre  infS^rieur  gauche  et  vice  versd ;  mals  aiors  le  pouoe  de  la  main  est  en 
dehors,  et  le  gros  orteil  du  pied,  qui  est  son  analogue,  en  dedans ;  ce  qui  viole  la  loi 
de  sym^trie.  Du  reste  Vicq-d'Azyr,  comme  plus  taid  Goethe,  Meckel,  et  Bardav, 
assimile  le  radius  au  tibia  et  le  cul)itus  au  p^ron^,  sans  expliquer  pourquoi  la  rotule 
analogue  de  ToMcrane  est  fix^e  au  tibia,  tandis  qu'elle  devrait  fairs  partie  du  p^ron^. 

En  1832  Bourgery  ,pour  r^soudre  cette  difllcult^,  pr^tendait  que  la  partie  sup^rieure 
du  tibia  avec  la  rotule  repr^sentait  le  cubitus  surmont^  de  Tol^crane,  tandis  que  la 
partie  inf^rieure  du  memo  os  correspondait  au  radius ;  de  m^me  selon  lui  la  partis 
sup^iieure  du  p^ron^  6tait  le  radius,  sa  partie  infgrieure  le  cubitus.  Cette  hrpoth^ 
connue  en  France  sous  le  nom  d^hypoth^se  du  croisenmUy  fut  adoptee  en  1843  par  M. 
Cmveilhier,  qui  la  formula  nettement ;  mals  dans  cette  mani^  de  voir,  ravant-brss 
^tant  en  pronation,  le  cubitus  et  le  radius  se  croiseni  tandis  que  le  p4ron6  et  le  tibift 
sent  paralleles  entre  eux.  De  plus,  il  est  contraire  k  toutes  les  lois  connuee  des 
coalescences  de  supposer  qu'un  os  long  peut  6tre  formd  par  la  souduie  bout  &  boat 
des  moiti^s  de  deux  os  longs  difT^rents. 

En  1838  M.  Flourens  compare  le  membre  sup^rieur,  Tavant-braa  dta&t  en  pre- 
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nation,  avec  le  membre  inft^ieur  du  mSmc  c6i4 1  mais  alon  Tol^tane  eat  en  ani^re, 
t«ndi8  que  la  rotule  est  en  avant;  rayant-bras  se  fl^chit  en  avant,  tandis  que  la 
jambe  se  fl^hit  en  arriere.  Les  zoologistes  qui  adopteraient  cette  esqplication 
compareraient  sans  le  sayoir^non  pas  le  membre  thoracique  de  Thomme  k  son  membre 
pelyien,  mais  le  membre  tboracique  de  I'homme  au  membre  thoracique  dee  quadrU'^ 
pMes,  chez  lesquels  Tayant-bras  est  en  ei!et  dans  une  pronation  fixe  et  perma- 
nente )  axissi  cette  explication  n'est-elle  pas  plus  satisfaisante  que  les  autres.  Voici 
cclle  que  je  propose. 

JBstpUecAion  de  Vnuteur, — ^L'hum^rus,  chez  THomme  et  les  Mammif  ^s  terrestres  on 
aquatiqueS;  est  un  os  tordu  sur  son  axe  de  180  degr^s,  ou  d'une  demi-circon££rence : 
le  f^mur  est  un  os  droit  sans  torsion.  L'hum^rus  ^tant  un  fi^mur  tordu,  si  Ton 
Teut  comparer  ces  deux  os  il  faut  ayant  tout  cf^totY/n?  Thum^ras  \  le  r^sultat  de  celiid 
operation  est  de  placer  I'^pitrochl^e  en  dehors  et  I'^picondjle  en  dedans.  Cela  fait) 
la  comparaison  des  membres  n'ofFre  plus  aucune  difiicult^  Ten  eiiet  le  col  de  Thum^- 
rua  est  dirig^  en  dedans  comme  celiu  du  f<Smur.  La  partie  conyexe  ou  tricipitale 
de  Tos  du  bras  se  trouye  en  ayant  comme  la  partie  conyexe  ou  tricipitale  de  1^  de 
la  ctusse.  Les  deux  os  sont  done  semblables;  leurs  condyles  articulaires  se  contour'* 
nent  en  arriere ;  Tol^crane  est  en  ayant,  comme  la  rotule  .*  de  plus  elle  est  attach^ 
k  la  portion  ant^rieure  et  exteme  de  la  tete  du  tibiai  qui  repnSsente  (comme  je  Id 
prouverai  plus  bas)  la  portion  ol^cranienne  de  la  tete  du  cubitus,  qui  s'est  soud^  et 
confondue  ayec  celle  du  radius.  Pour  se  conyaincre  de  la  r^alit^  de  la  torsion  de 
rhum^rus,  il  suffit  de  suiyre  sur  un  humerus  dliomme  ou  de  quadrupMe  la  ligne 
Apre  qui  part  de  T^picondyle,  se  dirige  obliquement  yers  la  face  post^rieure*  la  con<* 
toume  en  longeant  la  goutti^re  de  torsion  du  nerf  radial,  et  yient  aboutir  k  la  partie 
la  plus  marquee  du  col  au-dessous  de  la  tete  de  I'hum^rus.  Cette  torsion  a  ^t^  lemar-' 
qu^e  par  la  plupart  des  anthropotomistes — Bertin,  Lecat,  Winslow,  Sabatier,  Soem- 
mering, Bichat,i3oyer,  Barclay,  Meckel,  J.  Cloquet,H.  Cloquet,  Lauth,0.  Ward,Blan- 
din,  Eitor,  Cruyeilhier,  Ilolmes-Coote,  Jamin,  Sappey,  Henle,  G.  M.  Humphry,  et  L. 
Holden.  C*est  la  torsion  qui  transfonne  le  sens  de  la  flexion,  puisque  rayant-bxaa 
SB  fl^chit  en  ayant,  tandis  que  le  jambe  se  fl^chit  en  arriere.  Mr.  Holmes-Coote  est, 
k  ma  connaissance,  le  seul  anatomiste  qui  ait  yu  cette  cons^uence  de  la  torsion. 
Mr.  Maclise  dans  son  article  Skeleton,  dans  Todd's  'Oyclopeedia,'  a  compris 
toute  I'importance  de  la  yue  de  Mr.  Holmes-Coote  pour  la  comparaison  des 
membres.  Mais  tons  deux  se  sont  ari'ct^s  k  cette  remarque  fondamentale ;  iU 
n'ont  point  song^  &  mesurer  Tangle  de  torsion  de  llium^nis  dans  les  diff^rentos 
classes  des  Y ert^br^s. 

De  la  t&nion  de  Vhum&tts  dans  f  Homme  et  les  Mammifh'ts  terrestres  ou  ttqwttiqmi* 
— Elle  est  toujours  de  180^ ;  mais  les  rapports  des  axes  du  col  et  de  la  trochli^  ne 
sont  pas  les  memes  dans  toute  la  s^rie.  Chez  THomme  et  les  Singes  anthiDpotnorphee 
(Oran^,  Chimpans^,  Gorille  et  Gibbon)  les  axes  du  col  du  f<^mur  et  de  Thumi^rttA 
sont  dirig^s  tous  deux  yers  la  colonne  yert^brale,  sayoir  de  dehors  01  dedans  et^e  baa 
en  faaut.  Cette  direction  des  axes  est  la  condition  m^canique  des  mouyemens  de 
circumduction  du  bras,  qui  d^crit  un  c6ne  autour  de  cot  axe  id^al.  Dans  les  qua- 
drupddes  terrestres  et  amphibies,  Taxe  du  col  de  Thum^rus  est  dirigS  d'avant  m 
amh^e.  La  consequence  de  cette  dcmidre  disposition  c*est  que  dans  les  quadrupddea 
le  membre  ant^rieur  se  meut  dans  un  plan  et  n'ex^cnte  plus  les  mouyemens  de  cir- 
cumduction qui  carnct^risentrHommeet  les  Singes  anthropomor]^es. 

De  la  torsion  de  Vhum&m  dans  les  CheiropUreSj  les  OiseauaetlesJteptUes. — Elle  est 
de  90°  seulement.  L^axe  du  col  de  rhum^nis  est  dirig^  comme  chez  Thomme, 
mais  le  corps  de  rhum^rus  n'^tant  tordu  que  de  90°,  la  trochl^  est  toum^e  en  de* 
hors  et  non  en  ayant :  ausai  la  flexion  de  rayant-bras  sur  le  bras  se  fait-elle  en  <fo- 

-stemal.  Une  Chauye-souria, 
)  etend  son  ayant-bras  perpen- 
p9.  La  torsion  de  90°  est  done  une  des  conditions 
oet^ologiques  du  yol  et  de  la  re])tation.  Dans  les  Cheiroptferes  c'est  dans  les  grandee 
Houssettes  (Pteropus  vuff/ari.^,  P.  JEdtoardsti,  P.  Kermtarenii,  et  P.  poUocephahts) 
qu'il  ftiut  etudier  la  torsion  do  rhum^nis.  Dans  les  Oiseaux  la  torsion  de  90°  se  yoit 
le  mieux  sur  les  humerus  drs  grands  B  spaces  tels  que  les  Condors,  les  Vautoursj 
les  Aigles,  les  Albatros,  et  sur  les  grands  Gallinac^s.  Dans  les  Beptiles  je  citerai  les 
Crocodiles,  les  Caimans,  les  Varans,  les  Grammatophores,  les  Uromastix  et  le  Saivator 
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Meriana,  Surle  Cam^l^on,  au  contraire,  rhum^nis  est  tordu  de  180^ ;  car  le  Ci- 
m^l^on  est  un  reptile  qui  ne  rampe  pas ;  il  marche,  comme  un  quadnunaney  ea 
fi^cliissant  son  avant-bras  en  a^ant  Son  venire  ni  sa  queue  ne  tniinent  par  tezre. 
Conune  les  Singes^  il  saisit  les  branches  avec  ses  quatre  mainsy  et  enroiile  aa  qu£ii6 
prenante  autour  oes  branches  qui  lui  servent  de  support.  Dans  les  Gh^lonienfi  la 
torsion  n'est  visible  que  sur  les  grandes  Tortues  terrestrea  et  fluviatiles  et  dans  les 
Batraciens,  sur  les  Crapauds  et  les  grosses  Grenouilles.  Cette  torsion  d« 
rhum^rus  de  90%  commune  aux  Reptiles  et  aux  Oiseaux,  est  un  trait  de  plus  a 
ajouter  aux  nombreuses  ressemblances  organiques  qui  rapprochent  ces  deux  dasses 
dPanimaux. 

Origine  de  la  Tordon, — Je  dois  aborder  maintenant  une  question  d'auta&t  plm 
d^cate  qu*elle  est  du  domaine  de  la  m^taphysique,  et  touche  aux  loia  les  plus 


On  n'y  remarque  pas  la  plus  l^g&re  trace  de  torsion.  Cette  torsion  n'est  meme 
visible  (|ue  sur  un  enfisuit  d'un  an,  et  ce  n'est  qu'&  deux  ans  qu'elle  est  parfaitement 
caract^ns^e.  Gependant  du  jour  ou  les  membres  se  montrent  sur  le  foetus  h 
torsion  existe,  puisque  la  flexion  du  bras  se  fait  en  avanU  La  torsion  de  rhum^nu 
n'est  done  pomt  une  torsion  m^canique  ^ui  s'op^re  k  une  certaine  epoque  de  la  vie^ 
c'est  ime  torsion  virtudle  qui  ne  s^t  jamais  op^r€e  m^caniquement ;  mais  cett« 
torsion  virtuelle  a  eu  toutes  les  cons^uences  d'une  torsion  r^lle.  Tout  dans  le 
bras  est  dispose  conmie  si  elle  s'^tait  phvsiquement  effectu^:  les  muscles,  les 
artdres,  les  nerfs  ont  suivi  le  mouvement  de  rotation  de  Pextr^mit^  infSrienre  de 
rhum^rus.  Les  autres  dissemblances  entre  le  bras  et  la  cuisse  sont  de  simples 
cons^uences  de  cette  torsion.  J'ose  esp^rer  que  le  lecteur  ^artagera  cette  convic- 
tion ;  car  je  d^montrerai  aue  la  disposition  de  toutes  les  parties  moUes  da  m^nbre 
thoracique  compart  a  ceUe  des  narties  correspondantes  du  membre  abdominal  ne 
s'explique  que  par  la  torsion  de  llium^rus :  il  est  le  seid  os  long  dont  le  corps  soit 
ainsi  contoum^  en  h^lice  :  en  lui  imprimant  cette  forme  la  nature  nous  d^voile  le 
proc^d^  simple  et  rationnel  par  lequel  le  sens  de  la  flexion  devient  ant^eor  ou 
exteme  de  post^rieur  qu'il  dtait. 

Nous  trouvons  dans  Thistoire  naturelle  d'autres  exemples  de  oes  effets  virtnelj. 
La  queue  unique  des  poissons  doubles  figure  par  M.  Goste  n'a  qu*une  colonne 
vertebrale :  virtueUement  cependant  les  deux  colonnes  existent  dans  la  queue  du 
poisson  double ;  mais  la  colonne  centrale  ne  s'est  pas  d^velopp^e.  Dana  les  v^^ 
taux,  m^mes  faits ;  dans  toutes  les  Labi^es  la  l^vre  sup^rieure  de  la  corolle  est  a 
un  ou  deux  lobes,  et  elle  contient  les  ^tamines,  qui  sont  convexee  en  dessus.  Mais 
dans  la  tribu  des  Ocimo'id^s  (Ocimumy  Orthosiphon,  IHectranthuSf  Coleus,  SccS)  la 
Idvre  sup^rieure  est  II  4  lobes;  Finf^rieure,  k  un  seul.  correspond  aux  ^taznines,  qui 
sont  concaves  en  dessus.  H  est  admis  par  tons  les  ootanistes  que  dans  cette  tcum 
la  corolle  est  renvers^e ;  et  cependant  jamais  aucun  d'eux  n'a  vu  oe  renversement 
s'op^rer :  la  fleur  nait  renvers^,  conmie  Thum^rus  nait  tordu;  je  m'en  suis  assure  sur 
des  boutons  de  fleurs  de  VOcimum  camosum^  qui  n'avaient  pas  plus  d'un  miUim^tre 
de  long.  Dans  toute  cette  tribu  de  v^g^taux  il  y  a  done  un  renversement  virtuel 
analogue  k  la  torsion  virtuelle  de  I'hum^rus  des  vert^bi^s. 

Composition  de  la  tete  f^norale  du  tibia, — ^Nous  avons  k  d^montrer  actuelle- 
ment  que  le  chapiteau  iu  tibia  chez  Tllomme  et  la  plupart  des  Mammifeiea 
est  form^  par  la  coalescence,  la  soudure  des  tetes  du  cubitus  et  du  radius 
r^unis.  Tons  les  anatomistes  ont  4t^  frapp^s  de  la  disproportion  du  tibia  et 
du  p^rond;  le  premier  formant  une  colonne  massive,  termin^e  sup^rieurement 
par  un  4norme  chapiteau;  le  second,  long,  grele,  aminci,  ^videmment  atiophi^ 
et  souvent  r^duit,  comme  chez  le  cheval  et  les  ruminans,  k  une  simple  apopnyae 
styloids.  H  semble  qu'en  se  transformant  en  tibia  le  radius  se  soit  d^vdopp^ 
aux  d^pens  du  cubitus,  ou  plutot  I'ait  incorpor^  k  lui.  G'est  ce  qui  a  lieu  en 
r^alit^,  puisque  le  chapiteau  du  tibia  est  form^  par  la  coalescence  des  tetes  du 
cubitus  et  du  radius.  £n  effet  on  remarque  sur  le  tibia  deux  faxxA  articulaires 
comme  celles  du  cubitus  et  du  radius.  L'^pine  qui  s^pare  les  deux  surfaces  articu- 
laires ne  correspond  pas,  comme  on  le  dit  gJn^ralement,  a  la  crete  qui  va  du  sommet 
de  Tol^crane  ^  rapophyse  coronoide,  maisaTintervalle  qui  s^pare  la  tete  du  cubitus 
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de  la  cupule  articulaire  da  radius.  Si  Ton  place  h  c6t4  Tun  de  Tautre  ua  coude  et 
un  genou  de  squelette  humain,  et  qu*on  lea  regarde  de  profile  il  est  impossible  de 
lu^coDnaitre  la  ressemblance  prodigieuse  de  la  crete  ant^rieure  du  tibia  k  partir  de 
I'insertion  du  ligament  rotulien  jusqu'au  dessous  du  tiers  sup^rieur  de  Foe,  ayec  la 
Crete  post^rieure  du  cubitus,  qui  part  de  Tol^crane  et  se  prolonge  ^galement  jus- 
qu'au  dessous  du  tiers  sup^rieur  de I'os.  Toutes  deux  sont  tranchantes,  toutes  deux 
offirent  k  leur  partie  xnoyenne  une  incurvation  dans  le  meme  sens.  Qu'on  admette 
done  une  coalescence  des  deux  tetes  du  radius  et  du  cubitus,  ou  qu'on  dise  simple- 
ment  que  le  radius  s'est  d^velopp^  aux  d^pens  du  cubitus  pour  former  la  tete  du  tinia, 
toujours  est-il  qu^on  ne  saurait  nier  le  caractbre  cubital  de  la  portion  ant^rieure  du 
tiers  sup^rieur  du  tibia.  A  partir  de  Tincurvation  de  la  crete,  la  coalescence  cesse, 
et  la  pextie  inf^rieure  du  p^ron^  correspond  d.  celle  du  cubitus  seul,  tandis  que  la 
partie  infSrieure  du  tibia  repr^nte  imiquement  celle  du  radius. 

Uanalogie  de  la  rotule  et  de  Pol^crane  a  6t^  reconnue  par  Winslow,  Vicq-d'Azyr, 
Sabatier,  Soemmering,  Boyer,  Meckel,  Gerdy,  J.  Cloquet,  Bourgery,  Blandin,  O. 
Ward,  Cruveilhier,  Henle,  G.  M.  Humphry,  &c.  L'anatomie  compar^e  confirme 
cette  analogic.  Dans  les  Pteropia,  la  Cnauye-souris  vamnire,  et  le  Pingouin,  I'ol^- 
crane  est  separ^  du  cubitus  comme  la  rotule  du  tibia.  Dans  les  Reptiles  et  les  Oiseaux 
les  deux  os  manqpent  k  la  fois. 

Une  confirmation  de  ce  que  nous  avons  dit  sur  la  composition  du  chapiteau  du 
tibia  se  trouve  dans  les  Marsupiaux,  tels  que  Phascdomysj  i^halanffista,  Dasytirm  et 


que 

du  tibia  manque.  Dans  cet  animal  le  p^ron^  avec  sa  rotule  repr^sente  exactement 
le  cubitus,  et  le  tibia  correspond  au  radius  seul.  On  trouve  une  conformation 
analogue  dans  le  Dasyunis  fnacrauruSf  le  Didelphya  Azara^  Phalangtsta  vtdpina, 
Jp.  Cookii  et  autres.    Dans  TOrnithorbynque  le  tibia  et  le  p^ron^  sont  surmont^a,  le 

Sremier  d'une  rotule,  le  second  d'une  apopbyse  ol^cranienne.  L'appareil  rotulien 
u  genou  ^tant  double,  l'appareil  ol^ranien  du  coude  Test  ^galement,  et  Tolt^crane 
est  bifurqu^  et  se  termine  par  deux  crochets.  En  r^sum^,  dans  les  Phascolomes, 
les  Phalangers,  les  Dasyures  et  les  Opossum,  ou  le  tibia  ne  repr^sente  que  le  radius, 
le  p^ron^,  au  contraire,  le  cubitus  tout  entier,  la  rotule  s^ins^re  au  p^ron^  comme 
I'ol^crane  est  uni  au  cubitus. 

Si  Ton  compare  le  coude  et  le  genou  dans  les  Idammif^res  ordinaires,  et  en  par- 
ticulier  duis  les  Insectivores,  les  Rongeurs,  les  Ruminans,  et  les  Solip^des,  on 
arrive  aux  conclusions  suivantes : — 1.  La  tete  du  cubitus,  c*e8t-a-dii*e  Tol^rane, 
et  la  crete  qui  lui  fait  suite  dans  le  tiers  sup^rieur  de  I'os,  existent  dans  tous  les 
Mammif&rea  terrestres  et  ampbibies.  Les  parties  correspondantes  du  genou,  savoir, 
la  rotule  et  la  crete  ant^rieure  de  Vos  jusqu'au  dessous  ae  son  tiers  sup^rieure,  sont 
^galement  constantes.  2.  Au  contraire,  le  corps  du  cubitus,  ou  plus  exactement, 
cet  08,  moins  Tol^crane  et  la  crete  qui  lui  fait  suite,  n'est  pas  constant,  il  s'atro- 
pbie  ou  se  confond  avec  le  radius.    Le  p^ron^,  qui  correspond  priciahneTd  k  cette 


comparaison 

anatomistes;  il  en  est  de  meme  de  I'^paufe  et  du  t)assinf  mais  il  ne  faiit  pas,  comme 
lui,  comparer  rU^um  droit  k  T^paule  gauche :  il  faut  placer  un  petit  miroir  sous 
Tangle  infiSrieure  de  Tomoplate  d  un  squelette :  en  regardant  I'image  de  cette  omo- 
plate  dans  le  miroir,  on  reconnait,  pour  ainsi  dire,  rll^um  plac^  au  dessous,  et  Ton 
constate  que  la  clavicule  correspond  a  la  branche  horizontale  du  pubis,  Tapophyse 


qui  s^pare  le  petit  du  moyen 

et  I'^paule  se  ressemblent  compl^tement. 

L'auteur  a  presents  k  la  Section  une  preparation  ost^ologique  qui  realise  ses  id^es. 
L'hum^rus  est  d^tordu  et  le  radius  translorm^  en  tibia  par  Taddition  de  la  partie 
ol^cranienne  du  cubitus :  Tol^crane,  s^par^  par  la  scie,  repr^sente  la  rotule ;  et  le 
corps  du  cubitus,  aminci  dans  sons  tiers  superieur,  simule  parfaitement  le  p^ron^. 

1867.  11 


Une  photogwphie  de  eetta  yrfparttion  »  6ti  diBtribufie  aui  Mn«tMU.     I*  gtvnof 

suivante  en  est  It,  reproductioD. 
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lea  muacles  de  In  ciiUae  et  de  la  jambe 
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Qombre  n'est  pw  ie  meme.    Mais  il 

est  d'abord  cerlAins  inuscleg  qui  iotit 

homoloffuet,  c'est-a-dire,  que   leura 

deux      points    d'attacbe    eont    les 

memes.  A  la  cuisse  et  au  bras  on 
lemarque :    Ic   ivpraipinatus    et   1h 

ghttatu  mediiis ;  f/lutaus  minor  et 
infrtufinata» ;  iliactu  intemuf  et 
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fvautn*  et  eoraeo-^iraehujis ;  les  deux 
trictps ;  part  hrevior  hiclpUu  femora  et  hra^itUvi  mfcrmM.  A  la  jambe  At  h  Yt/mA- 
braa  i  popliteuf  et  pronator  lerts ;  t/aitromemiii»  txUmut  et  vJnnrii  intenm* ;  pla^taru 
et  palmarii  longju ;  peronetu  brevii  et  ulnarii  eiie)iua.  An  pied  et  ft  la  mun  abdm^if 
hidlueit  ft  adductor  potlins  mamti ;  mugmii  tumbricalel  et  mterotiei  pedia  et  tnMn*. 

Lee  muscles  analogues  »ODt  ceux  ott  I'une  des  insertions  eft  homolo^e,  tandif 
que  I'autre  ne  I'eat  pas.  Ei.  glateia  major  et  dekotdau ;  pfctingut  at  pan  etanmlt- 
m  pectoralis  majora,  &c.  Enfin  il  est  des  muscles  qui  sout  mns  analogue*  drident* 
aux  extriSmit^s  pelviennes  et  thoraciques.  Ei.  Au  bras,  Ure»  mcgor  et  hdimmta 
dorsi ;  A  la  cuisse,  M.  pyriformta,  obturatortt,  qwidrata*  femorit,  »artcri*u,  Ac.  A 
la  jambe,  M.  peronetit  hnffiu.  A  ravant-braa,  M.  pronator  quadrahi^,  radialu  «- 
terntia  loagior,  supinator  brems,  &c. 

La  position  des  musclefi  homologues  et  analogues  est  celle  qui  i^n1t«  de  1a  tor- 
sion de  180°  de  rhumfinia.  Les  muscles  qui  sont  en  arritre-au  bras  sont  en  arail 
&  lacuis.'W,  Ejc.  Lea  triceps;  pronator  tere»  brachii  etpopl&etit.  Cenx  qui  Boot  oi 
deliora  au  bras  sont  en  dedans  a  la  euiae,  Ex.  rfoelrocnemiut  extenma  et  tAiaHt 

Comparaison  des  art^n  et  de»  nerfi  da  membre  pekien  et  du  membre  tMoranqiir 
chez  rHmmne. — A  la  partie  sup^rieure  du  bras  rartSre  bracbisle  est  plac^  comnw 
la  (Tiimle,  en  dodons  et  pn  arant  de  la  tete  de  rhum^rus ;  mais  la  cruiale  ContoniM 
le  f^mur  Ters  le  quart  inf^rieur  de  I'os,  et  passe  derrih'e  lui  pour  se  placer  entn  m* 
condyles,  oh  elle  prend  le  nom  de  popUt^e.  L'bum^Tus  etant  mi  ffmntr  torAt,  aan 
mouvemont  de  rotation  a  eu  pour  eifet  de  ramener  les  cond;?les  en  aTant  et  d'en- 
trHinerrnrt^re,qui,con8ervant  les  metnes  relations  avec  lee  parties  ossenses,  se  trouTf 

Elac^  en  ai'ont  dans  fe  pli  du  bras.  La  radisle  correspond  K  la  tibiale  poet^iienn; 
1  cubitale  4  la  p6roni6re  ;  les  inferosseuses  de  la  iambe  &  celles  du  bras. 
Comnie  les  syat^mes  musculaires  et  art^els,  le  systems  nerveoz  d^TDODtre  la 
r^alit^  de  la  toreion  de  rbumSrus.  Un  des  troncs  nerveux,  le  sciatique,  it  la  cuisM 
le  m^iau,  et  le  cubital  au  bras,  sont  dans  le  plan  de  la  flexion.  Lea  deux  antits 
nerfa,  le  crural  ant^iieur,  a  la  cuisse,  le  radial,  au  bras,  dans  le  plan  de  r^xtensim. 
Mnis  a  la  cuieae  tous  les  nerfe  principaux  reetent  dans  la  plan  oft  ils  ee  trourairal 
aleur  origine.  Au  bras,  au  contraire,  le  median  et  le  cuoitol  ob^isaent  k  cette  loi, 
tandjs  que  le  nerf  radial  quitte  le  plan  interne  d^  le  quart  supfrieur  da  mnnbre,  ss 
dirige  en  arriSre,  contoume  I'os  en  hflice,  suivant  sa  ligne  de  torsioij,  j  Wne 
I'empreinte  de  son  pssaagB  et  ressort  sur  la  face  externe  de  I'os  pour  ae  distriban 
Bux  muscles  qui  s'y  insurant  Tous  les  anatomistes  ont  6t6  ^ppu  de  la  singnlsrit^ 
do  ce  trajet,  qui  ne  s'explique  ni  par  des  conditions  de  sYroStne,  ni  par  des  adnptt- 
tiong  fonctionnellea  ;  car  pour  pagner  les  muscles  de  la  partie  exteroe  du  brss  \e 
clieuiin  le  plufl  court  Slait  de  paMer  entre  le  biceps  et  le  Iracbial  ant&ienr.  Sciile, 
la  torfion  de  I'liumSnis  rend  comply  des  diflSrences  qui  exislent  entre  lee  sTSt*niifl 
ncrvpux  du  bras  et  de  la  cuiflse.  Je  suis  pan-enu  k  rSaliser  mtomiquement  la 
tranafonnntion  de  I'appareil  nerreux  de  la  cuisae  en  sppareil  nervenx  du  tmr. 
Voici  comment.    Je  fixe  le  chef  d'un  cordon  noir  derri^re  un  f^mnr  du  c6f^  droit 
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entre  les  deux  trochanteun,  Ce  cordon  repr^sente  le  tronc  Bciatique.  Je  fize  son 
autre  extr^mit^i  qui  figure  le  nerf  sdatique  popHt^  interne^  entre  lee  deux  condyles 
fdmoraux.  Du  milieu  de  ce  cordon  en  part  un  second^  qui  s'attache  au  condyle 
exteme  ou  p^ron^  et  simule  le  nerf  poplit^  externe.  Un  autre  cordon  noir, 
attache  en  dedans  du  condyle  interne  ou  tibial,  repr^aente  le  nerf  cruraL  Je  place 
ensuite  ce  fSmur  sur  une  table.  Sa  conyexitd  est  toumie  en  haut;  le  nerf  sciatique 
et  see  deux  branches  sont  derri^re  Fos,  dans  leur  position  naturelle.  Un  aide  tient 
lachement  Textr^mit^  libre  du  cordon,  qui  reprdsente  le  nerf  crural,  au-deasus  de 
la  tete  du  fSmur.  Les  chosee  ainsi  dispos^es,  je  fiiis  toumer  yers  moi  le  Um.\a  et  le 
cordon  repr^aentant  le  nerf  sciatique,  d!e  180°.  Le  sciatique,  suiyant  le  mouyement 
de  rotation,  se  trouye  plac^  deyant  Tos  au  lieu  de  rester  derri^,  et  I'extr^mitd 
inf(^rieure  du  nerf  crural,  entrfun^e  par  le  mouyement  du  condyle  interne  deyenu 
exteme,  contoume  le  corps  du  f^mur  comme  le  nerf  radial  contoume  le  corps  de 
1 'humerus.  Par  ce  mouyement  de  rotation  de  180°"  j'ai  simule  la  torsion  qui  trans- 
forme  le  f(Smur  en  humerus,  et  par  cela  seul  j^ai  transform^  le  syst^me  neryeux  de 
la  cuisse  en  syst^me  neryeux  du  bras. 

La  comparaison  des  membres  d^duite  de  la  torsion  de  Fhum^rus  a  ^t^  d<$ja  admise 
TOT  Hugh  Falconer,' Cruyeilhier,  Valentin,  A.  Pictet,  Ch.  Robin,  Ch.  Rougef, 
J3rown-Sequard,  Beaunis  et  Bouchard,  &c.  L'auteux  se  propose  de  r^pondro 
bient6t  k  quelquee  objections  qu'elle  a  souley^es. 

Sur  hs  Bacines  airifbres  ou  Vessies  natatoires,  la  iynonymie  et  la  diitrihuHon 
giographique  de  quelques  espkes  aquatiques  du  genre  Jussisea.  Par  Charles 
Martins,  Professeur  et  ZHrecteur  du  Jardin  des  Plantea  de  MontpeUUr, 

Le  genre  JusHtsa  de  la  Famille  des  Onagraires  se  compose  actuellement  d'enyi- 
Ton  80  espies,  les  unes  terrestres,  les  autres  aquatiques,  y^tant  dans  les  eaux 
douces  et  tranquilles  de  FAsie,  de  FAfiique,  de  T Am^nque  et  de  rAustnEdie.  Eheede 
le  premier  ('  Hortus  malabaricus,'  t.  ii.  p.  99  et  tab.  51 ;  1679)  figura  sur  les  rameaux 
du  Juasiaa  repem  du  Malabar  des  radnes  blanches,  spongieuses  et  flottantes  dans 
Teau.  Ces  organes  fiirent  reyus  par  Humboldt  et  Bonpland  sur  le  J»  natana  de  la 
Nouyelle  Grenade,  par  John  Sims  sur  le  J*  grandijhra  au  Jardin  de  Kew^  et  par 
Delile  sur  la  memo  plante,  comme  le  prouye  une  note  manuscrite  de  sa  main  dans 
I'herbier  du  Jardin  de  Montpellier.  Plus  tard  de  Martius  donnait  le  nom  de  J, 
Mminthorhisa  a  une  plante  de  Bahia,  et  Hasskarl  d^riyit  ayec  plus  de  detail  lee 
racines  du  J,  repens  oe  Jaya.    Ayant  reyu  des  graines  du  Jussitea  repena  d^couyert 

Sr^s  de  Bone,  en  Alg^rie,  et  la  plante  y^g^tant  tr^s-bien  dans  le  Jardin,  je  rdsolus 
e  r^tudier  simultan^ment  avec  le  J.  grmdplora,  qpi  non  seulement  se  maintient 
dans  un  canal  de  T^cole  botanique  depuis  lo2d,  mais  encore  s'est  naturalist  depuis 
1830,  dans  la  petite  riyi^re  du  Lez  pr^  Monl^ellier  et  les  canaux  d'izrigation  qui 
en  dependent 

Macinea  airifhree  des  JussisBa  repens  et  J.  grandiflora. — Quand  on  ^tudie  cee 
deux  plantes  on  trouye  qu'elles  ont  quatre  sortes  de  racines  naissant  sur  les  lenfle- 
mens  des  rameaux  immerg^s  qui  portent  ^galement  des  feuilles  et  des  fleurs.  1^. 
des  racines  filiformes  flottantes,  non  ramifi^es,  situ^es  yers  T^xtr^mit^  des  rameaux:. 
12^.  des  racines  rameuses  ou  plut6t  pectiniformes  ^galement  flottantes.  8°.  pes 
racines  ^^ement  pectiniformes  mais  dont  Taxe  est  aeyenu  plus  ^pais,  blanchatre 
et  spongieux;  celles-ci  flottantes  ou  B*enfon9ant  dans  la  yase.  4°.  Enfin  des 
racines  d'un  aspect  different  compl^tement  de  celui  des  pr^c^dentes,  simples,  cylin- 
driques,  ou  comques,  moUes,  spongieuses,  blanchatres  ou  ros^es,  toujours  flottantes 
et  remplies  d'une  grande  quantity  d'air,  ce  sont  les  racines  airifires^  y^ritables 
yessies  natatoires  de  la  plante  qu'elles  soutiennent  ^  la  surface  de  1  eau«  L'examen 
microscopique  prouye  qu'elles  se  composent  d'un  faisceau  yasculaire  central,  puis 

d'un  tissu  ceUulaire  ^ ^ '"—  ' ' ^'"''  '*'"'"  — *  " — *  ""  "'*" 

tact  ayec  Teau  sans 
compar^e  a  celle  d' 
n^est  qu'une  modification  de  la  racine  abeorbante.    Celle-ci  se  compose  en  effet: 

1.  d'un  faisceau  yasculaire  central,  identique  K  celui  de  la  racine  spongieuse; 

2.  d'un  tissu  cellulaire  form^  de  rang^es  de  cellules  prismatiques  juxtapc^^es  au 
centre  mais  s^par^es  yers  la  circonfSrence  par  des  lacunes  intercellmaires  remplies 

11* 
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de  gaz^  et  d*autant  plus  grandes  qu^on  les  observe  plus  prds  de  la  p^rlpli^n'>: 
3.  (Tune  couche  ^piaermiqiie  form^e  de  plusieurs  rang^es  de  cellules  aUoTi2>>^^. 
La  transformation  du  tissu  cellulaire  en  tissu  lacunaire  prodait  la  distention  et  1" 
raccourcissement  de  la  racine^  am^ne  la  destruction  de  I'^piderme,  determine  raTor- 
tement  presque  constant  des  ramifications  latf^rales,  et  transforme  an  organe  alnor- 
bant  en  une  veritable  vessie  natatoire  qui  soutient  les  stolons  du  y^g^tal  a  U 
surface  de  Teau.  Sur  quelques  individus  le  tissu  spongieux  a^rif^re  se  d^reloppif 
^galement  sur  la  tige  et  fait  saillie  a  travers  I'^piderme  d^chir^. 

M.  Moitessier;  Agr^g^  de  chimie  a  TEcole  de  M^decine  de  Montpellier,  8^ 
assure  par  15  analyses  tr^s-concordantes,  faites  chacune  sur  15  a  30  centim^tr'^ 
cubes  aair^  que  cet  air  se  compose  en  mojenne  de 

Azote    87-0 

Oxygftne  ISO 
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La  composition  de  Tair  dissous  dans  Teau  ^tait  de  31 '3  pour  cent  d'oxjgene  da£! 
Teau  courantO;  et  de  16*7  pour  cent  quand  Feau  ne  so  renouvelait  pas,  sans  que  U 
composition  de  celui  des  racines  fut  aifect^e  par  ces  diff^reuces.  Ainsi  done  dans  It^ 
y^g^tauxaquatiques  divers  organes — ^les  feuilles  dans  les  Utricularia  et  VAidrorandid 
vesiculosa,  les  petioles  dans  le  Trapa  natans  et  le  P<mi€de)ia  crassipeSj  les  racines  dans 
les  JussUsa  aquatiqucs  jouent  le  role  de  vessies  natatoires.  II  en  est  de  meme  dan? 
les  animaux  on  la  yes<)ie  natatoire  des  Poissons  est  Tanalogue  du  poutnon  des  Mam- 
mif&res^  tandis  que  dans  les  Xautiles  ce  sont  les  chambres  de  la  coquilley  dans  cer- 
tains Sipbonophores  des  v^sicules  a^riennes  ou  des  boucliers  a^^riferes,  comme  da3> 
les  y^Ielles,  qui  soutiennent  Tanimal  a  la  surface  ou  dans  une  zone  detemiin*^ 
au-dessous  de  la  surface  de  Tcau.  Ainsi  dans  le  r^gne  animal  comme  dans  le  j^pi^ 
v^g^tal  les  memes  fonctions  sont  rcmplies  par  des  organes  difl'^rens,  qui  n*ont  jamais 
ime  destination  unique  et  determinde  d'avance. 

Synonymie  et  distribtUion  giographique  du  Jussisea  repens. — Apr^  avoir  cuHiy^ 

Sendant  cinq  ans  cette  espSce  dans  les  conditions  les  |uus  varices  de  s^faeresse  et 
^humidit^;  j'ai  pu  constater  combien  la  forme,  les  dimensions,  la  pubescence  de  s^ 
feuillesy  la  grandeur  de  ses  flcurs^  le  port  enfin  tout  entier  de  la  plante  dtiuent  eujt'if' 
ft  varier.  Bien  familiarise  avec  ces  variations  d*un  meme  type  sp^cifique,  j'ai  abonle 
les  herbiers  etme  suis  ossur^  que  le  Jussiaa  repens,  ddcrit  par  Linn^  en  1747  dani' 
sa  ^  Flora  Zeylanica'^  avait  re^u  dix-huit  noms,  en  y  comprenant  le  nom  indien  de  Xi^ 
Carambtif  sous  lequel  Rheede  Ta  decrit  le  premier  en  1679.  Cesnoms  sont :  Caryo- 
phyllus  spurius  inalaharicus  pentapetalus  aqtiatilis  repens,  Kay ;  Lysimachia  indiea 
non  papposa  repens  fiore  pentapetadOjfnictu  caryophylloide,  Commelin ;  CitboMernttun 
palusire,  Lour. ;  Jttssicea  repens,  L. ;  J,  adscendens,  L. ;  J.  diffusa,  Forsk. ;  J.  gran- 
diflora,  Mich. ;  J,  peplotdes,  H.,  B.,  K. ;  J,  polygonoides,  IL,  B.,  K. ;  J.  Jluiialis, 
iffiume ;  Jussieva  montevidensis,  Spr.  j  J",  ramtdoaa,  DC. ;  J,  Swartziana,  DC. ;  •^♦ 
^stdonifera,  Guill.  et  Per. ;  Jussieua  aUej^nifolia,  E.  Mey. ;  Jussiaa  atutralastca^ 
•Ferd.  Miill. ;  J,  Jluitans,  Hochst. 

La  plupart  de  ces  synonymes  correspondent  h.  la  forme  aquatique  du  Jussitea  repetu 
T^g^tant  dans  des  eaux  tranquilles.  .  La  forme  J,  grand^ora  est  celle  des  eaux 
courantes ;  et  les  formes  J.  diffttsa  et  siirtoat  J,  stoloni/era  celles  des  terrains  d'alwi^ 
humides  puis  dess^cb^.  L*auteur  fait  passer  sous  les  3^eux  des  assistans  de  nombreux 
dcbantillons  du  Jwsiaa  repens  cultrv^s  dans  diiftSrentes  conditions  de  s^cheresse 
et  dlmmidit^;  et  d'autres  provenant  de  divers  pays. 

La  synonymie  si  nombreuse  de  cette  plante  n*a  rien  de  surprenant  quand  on  sait 
combien  elle  est  pohnnorphe  et  combien  son  aire  d'extension  est  considerable.  On 
la  trouve  dans  les  quatre  parties  du  monde;  car  elle  occupe  une  large  bande  faisant  ie 
tour  du  globe  et  dont  les  deux  bords  extremes,  parallMes  a  Tequateur  et  situ^s  Tun 
dans  rh^misph^re  nord,  Tautre  dans  Themispb^re  sud,  sont  eloign^s  chacun  de  35 
degree  latitudinaux  de  la  ligno  equiuoxiale. 
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Report  of  the  Parliamentary  Committee, 
Ix. 
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Acetate  of  methyl.  Dr.  Richardson  on 
the  physiological  action  of,  53. 

Adderiey  (Rt.  Hon.  C.  B.)  on  a  uni- 
formity of  weights  and  measures,  468. 

Aerolites,  381 ;  catalogue  of,  414. 

Alcohol  (methylicj.  Dr.  Richardson  on 
the  physiological  action  of,  49. 

Annelids  of  the  south  coast  of  Devon 
and  Cornwall,  286. 

Armstrong  (Sir  W.)  on  a  uniformity  of 
weights  and  measures,  468. 


Bate  (C.  Spence)  on  the  marine  &una 
and  flora  of  the  south  coast  of  Devon 
and  Cornwall,  275. 

Bateman  (J.  F.),  second  report  of  the 
RainfjftU  Committee,  448. 

B.A.  units,  comparison  of,  to  be  de- 

S)sited  at  Kew  Observatory,  483. 
(I.  Lowthian)  on  the  present  state 
of  the  manufacture  of  iron  in  Great 
Britain,  and  its  position  as  compared 
with  that  of  some  other  countries,  34. 

Berger  (Capel  H.)  on  a  uniformity  of 
weights  and  measures,  468. 

Bichlonde  of  methylene.  Dr.  Richard- 
son on  the  physiological  action  of,  56. 

Birt  (W.  R.)  on  mapping  the  surface  of 
the  moon,  1. 

Bowring  (Sir  John)  on  a  uniformity  of 
weights  and  measures,  468. 

Brayley  (E.  W.)  on  luminous  meteors, 
186d-67,  288. 

Bright  (Sir  C.^  on  standards  of  electrical 
resistance,  474. 

Bromide  of  methyl.  Dr.  Richardson  on 
the  phvsiological  action  of,  53. 

Brooke  (Charles)  on  mapping  the  sur- 
face of  the  moon,  1 ;  on  luminous 
meteors,  1866-67,  288 ;  second  report 
of  the  Rainfall  Committee^  448. 

Brown  (Samuel)  on  a  umformity  of 
weights  and  measures,  468. 

Busk  (George)  on  exploring  Kent's  Ca- 
vern, Devonshire,  24 

Capacity,  Fleeming  Jenkin  on  experi- 
ments on,  483. 

Carbon  (tetrachloride  of).  Dr.  Richard- 
son on  the  physiological  action  o^ 
55. 

Chloroform,  Dr.  Richardson  on  the  phy- 
siological action  of,  54. 

Clark  (Latimer)  on  standards  of  elec- 
trical resistance,  474. 

Coelenterata,  Rev.  A.  Merle  Norman  on 
the,  procured  by  the  Shetland  Dredg- 
ing Committee.  440. 

Couch  (Jonathan)  on  the  marine  &una 

.  and  flora  of  the  south  coast  of  Devon 
and  Cornwall,  275. 
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Craters  TLunar) : — ^Limi^,3;  the  shallow, 
12 ;  tne  small,  14. 

Crustacea  from  the  south  coast  of  Devon 
and  Cornwall,  270;  Rer.  A.  Merle 
Norman  on  the,  procured  by  the  Shet- 
land Dredging  Committee,  438. 

(fossil),  Henry  Woodwaid  on  the 

structure  ahd  classification  of  the,  44. 

De  la  Rue  (Warren)  on  mapping  the 

surface  of  the  moon,  1. 
Didme  birds  (extinct),  Prof.  A.  Newton 

on  the,  of  the  Mascarene  Islands,  278. 
Dredging  among  the  Shetland  Isles,  J. 

Gwyn  JeflVeys  on,  431.  - 

Echinodermata,  Rev.  A.  Merle  Norman 
on  the,  procured  by  the  Shetland 
Dredging  Committee,  440. 

Electric  currents.  Dr.  Joule's  determina^ 
tion  of  the  dynamical  equivalent  of 
heat  from  the  thermal  effects  of,  612. 

Electrical  resistance,  report  of  the  Com- 
mittee on  standards  oi,  474 ;  appendix, 
470.  f       y    rt       ^ 

Electrometers  and  electrostatic  measure- 
ment, Sir  W.  Thomson  on,  489. 

Evans  (John)  on  exploring  Kent's  Ca- 
vern, Devonshire,  24. 

Ewart  (W.)  on  a  uniformity  of  weights 
and  measures,  408. 

Tairbaim  (William)  on  the  analysis  and 
condensation  of  the  information  con- 
tained in  the  reports  of  the  "  Steam- 
ship Performance"  Committee,  and 
other  sources  of  information  on  the 
same  subject,  685  exjjerimental  re- 
searches on  the  mechanical  properties 
of  steel.  101. 

Farr  (Dr.)  on  a  uniformity  of  weights 
and  measures,  448. 

Tauna  (British),  additions  to  the,  446. 

(marine)  of  the   south  coast   of 

■  Devon  and  Cornwall,  276. 

"Fellows  (Frank)  on  a  uniformity  of 
weights  and  measures,  408. 

Fish  of  the  south  coast  of  Devon  and 
Cornwall^  276. 

Flora  (marme)  of  the  south  coast  of 
Devon  and  Cornwall,  276. 

Foraminifeia,  Edward  WiJler  on  the, 
obtained  in  the  Shetland  seas,  441. 

Forbes  (D.)  on  standards  of  electrical 
resistance.  474. 

Fortescue  (Earl)  on  a  uniformity  of 
weights  and  measures^  408. 

Fossil  Crustacea,  Heniy  Woodward  on  the 
structure  and  classification  of  the,  44. 


Foster  ([Prof.  G.   C.)   on  standaids  c 

electrical  resistance,  474. 
Frankland  (Prof.)  on   a   uniformity  ri 

weights  and  measures,  468. 

Glaisher  (James)  on  mapping  the  m- 
&jce  of  the  moon,  1 ;  on  lumincc- 
meteors,  1800-07,  288  ;  second  repi-r: 
of  the  Rainfall  Conuuittee,  448. 

Glover  (George)  on  a  uniformity  c:" 
wei^ts  and  measures^  468. 

Great  Britain,  I.  Lowl^ian  Bell  on  iki 
present  state  of  the  manufacture  of 
iron  in,  and  its  position  as  compaR^ 
with  that  of  some  other  coiuitries,  'M. 

Greenland  (North),  preliminary  rrpor 
on  the  nlaiit-beais  of,  57. 

Greg  (RoTbert  P.)  on  luminous  meteors 
1866-67,  288,  414. 

Giinther  (ur,  Albert),  additions  to  tbt 
British  fauna,  446. 

Hawksle^  (T.^  on  the  anal^is  and  con- 
densation 01  the  information  contained 
in  the  reports  of  the  "  Steam-sfaip 
Performance  "  Committee,  and  othtr 
sources  of  information  on  the  samt' 
subject,  68  J  second  report  of  th^ 
Rainfall  Committee,  448. 

Heat,  determination  of  the  dynamict: 
equivalent  of,  fi'om  the  thermal  efFect> 
of  electric  currents,  512. 

Hendricks  (Frederick)  on  a  uniformitT 
of  weights  and  measures,  468. 

Hennessy  (Prof)  on  a  uniformity  oi 
weights  and  measures,  468. 

Herschel  (Alexander  S.)  on  luminous 
meteors.  1800-07,  288. 

Herschel  (Sir  J.)  on  mapping  the  surface 
of  the  moon,  1. 

Heywood  (James)  on  a  uniformity  of 
weights  and  measures,  408. 

Hiffhland  railway,  Joseph  Mitchell  on 
tne  construction  and  works  of  the,  151. 

Hincks  (Rev.  Thomas)  on  tiie  marine 
faima  and  fiora  of  the  south  coast  of 
Devon  and  Cornwall,  276. 

Hockin  (Charles)  on  standards  of  elec- 
trical resistance,  474;  comparison  of 
B.A.  units  to  be  deposited  at  Kew 
Observatory,  483. 

Huggins  (W.)  on  mapping  the  sui&ce 
of  the  moon,  1. 

Hurricanes,  Charles  Meldrum  on  the,  of 
Mauritius,  119. 

Hydride  of  methyl,  Dr.  Richardson  on 
the  physiologidsd  action  of,  52. 

Implements  (bone  and  flint)  found  in 
Kent's  Cavern,  Devonshire,  28. 
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Iodide  of  methrly  Dr.  Richafdson  on  the 
phymological  action  of;  63. 

Iron,  L  Lowthian  Bell  on  the  present 
gtate  of  the  manufacture  o^  in  Great 
Britain,  and  its  poaition  as  compared 
with  that  of  some  other  oountriesy  34. 

Jefireya  (J.  Gwrn)  on  the  marine  fauna 
ana  flora  of  the  south  coaat  of  Devon 
and  Cornwall,  275;  on  dredging 
among  the  Shetland  Idea,  43  L 

Jenkin  (Fieeming)  on  standards  of  elec- 
trical resistance,474 ;  on  a  modification 
of  Siemens's  '^Resistance-Measurer/' 
481 ;  experiments  on  capacity,  483. 

Joule  (Dr.)  on  standards  of  electrical 
resistance,  474 ;  determination  of  the 
dTuamical  equivalent  of  heat  from 
the  thermal  effects  of  electrical  cur- 
rentS;  612. 

Kane    (Sir   R.)    on   a  uniformity  of 

weights  and  measures^  468. 
Kent's  Cavern,  Devonshire,  report  of  the 

committee  for  exploring,  24. 

Levi  (Professor  Leone)  on  a  imiformity 
of  weiffhts  and  measures,  468. 

Linne,  observations  of  the  crater,  3. 

Lockyer  (J.  N.)  on  mapping  the  sui£&ce 
of  the  moon,  1« 

Lubbock  (Sir  J.,  Bart)  on  exploring 
Kent's  Cavern,  Devonshire,  24 

Luminous  meteors,  1866-67,  report  of  the 
committee  on,  288 ;  catalogue  of,  200. 

Lyell  (Sir  C.)  on  exploring  Kent's  Ca- 
vern, Devonshire,  24. 

Marine  fauna  and  flora  of  the  south 
coast  of  Devon  and  Cornwall,  276. 

Mascarene  Islands,  Prof.  A.  Newton  on 
the  extinct  didine  birds  of  the,  278. 

Matthiessen  (Dr.  A.)  on  standards  of 
electrical  resistance,  474. 

Mauritius,  Charles  Meldrum  on  the  me- 
teorology of,  108;  temperature  of, 
109;  elastic  force  of  vapour  at.  Ill; 
humidity,  112;  atmospheric  pressure 
at,  113;  pressure  of  dry  air  at,  114; 
direction  and  veering  of  the  wind  at, 
116;  force  of  the  wind  at,  116; 
amount  of  cloud  at,  117;  rainfall  of, 
117;  thunder  and  lightning  at,  111); 
gales  and  hurricanes  at,  119. 

Maxwell  (Professor)  on  standards  of 
electrical  resistance,  474. 

Meldrum  (Charles)  on  the  meteorology 
of  the  Island  of  Mauritius,  108. 

Men-of-war,  table  of  the  performances 
of,  74. 


Meteors,  catalofi^ue  of,  290 ;  doubly  ob- 
served, 372;  large,  374;  observations 
of  the  radiant-point  of  the  November 
shower  of,  391;  brightness  of,  396; 
colour  of,  397 ;  spectroscopic  observa- 
tions of,  399;  ciiaracteristic  appear- 
ances of,  401 ;  intermittent  light,  ^2 ; 
telescopic  observations  of,  406 ;  cata- 
logue of  luminous,  and  aerolites,  414. 

Methyl  compounds.  Dr.  B.  W.  Richardson 
on  the  physiological  action  of   tibe^ 

Miller  (Prof.  W.  A.)  on  a  uniformity  of 
weights  and  measures,  468 ;  on  stan- 
dards of  electrical  resistance,  474. 

Mitchell  (Joseph)  on  the  construction 
and  worxs  of  the  Highland  railway,  161. 

Mollusca  of  the  south  coast  of  Devon 
and  ComwaU,  276. 

Molluscoida,  Rev.  A.  Merle  Norman  on 
the,  procured  by  the  Shetland  dredg- 
ing committee,  437. 

Moon,  report  of  the  committee  for  map- 
ping the  surfiEice  of  the,  1;  alleged 
change  on  the  surface  of  the,  3 ;  spots 
on  the  surface  of  the,  6. 

Mylne  (R.  W.),  second  report  of  the 
Uainmll  Committee,  448. 

Napier  (J.  R.)  on  the  anal3rsis  and  con- 
densation of  the  information  contained 
in  the  reports  of  the  "Steam-ship 
Performance  "  Committee,  and  other 
sources  of  information  on  the  same 
subject,  68. 

Newton  (Prof.  Alfred)  on  the  extinct 
didine  birds  of  the  Mascarene  Islands, 
278. 

Nitrite  and  nitrate  of  methyl.  Dr.  Rich- 
ardson on  the  physiological  action  of,64. 

Norman  (Rev.  A. 'Merle)  on  the  Crusta- 
cea, Molluscoida,  Echinodermata,  and 
Coelenterata  procui'ed  by  the  Shetland 
dredging  committee  in  1867,  437. 

Paddle-steamers  (merchant),  table  of  the 
performances  of,  65. 

Pengelly  (William)  on  exploring  Kent's 
Cavern,  Devonshire,  24. 

Phillips  (Professor  J.)  on  mapping  the 
surface  of  the  moon  1 ;  on  exph)ring 
Kent's  Cavern  Devonshire,  24 ;  secona 
report  of  the  Rainfall  Committee,  448. 

Plant-beds  of  North  Greenland,  preli- 
minary report  of  the  committee  for 
the  exploration  of  the,  67. 

Polyzoa,  Rev.  A.  3Ierle  Norman  on  the, 
procured  by  the  Shetland  dredging 
committee,  440. 

Port  Louis,  in  the  Island  of  Mauritius, 
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Charles  Meldrum  on  the  meteorology 
of,  108. 
Pritchard   (Rev.  C.)  on  mapping  the 
surface  oi  the  moon,  1. 

llfulway  (Highland),  Joseph  Mitchell  on 
the  construction  and  works  of  the,  lol. 

KainfaU  of  Mauritius,  117;  monthly 
percentage  of  mean  annual  (England), 
450 ;  Mr.  S.  Marshall  on  the,  of  Ken- 
dal, 460. 

committee,  second  report  of  the,448. 

Rain-gauges,  examination  of,  452. 

Ralfs  (J.)  on  the  marine  fauna  and  flora 
of  the  south  coast  of  Devon  and  Corn- 
wall, 275. 

Rankine  (Prof.  J.  W.  M.)  on  the  analysis 
and  condensation  of  the  information 
contained  in  the  reports  of  the 
"Steam-ship  Performance"  Commit- 
tee, and  other  sources  of  information  on 
the  same  subject,  58;  on  a  unifor- 
mity of  weights  and  measures,  468. 

"  Resistance-Measurer,"  C.  W.  Siemens 
on  a,  470. 

(Siemens's),  Fleeming  Jenkin  on  a 

moaification  of,  481. 

Richardson  (Dr.  B.  W.)  on  the  phy- 
siological action  of  the  methyl  com- 
pounds, 47. 

Rosse  (Lord)  on  mapping  the  surface  of 
the  moon,  1. 

Rowe  (J.  Brooking)  on  the  marine  fauna 
and  flora  of  the  south  coast  of  Deyon 
and  Cornwall,  276. 

Russell  (J.  Scott)  on  the  analysis  and 
condensation  of  the  information  con- 
tained in  the  reports  of  the  "  Steam- 
ship Performance"  Committee,  and 
other  sources  of  information  on  the 
same  subject,  6S, 

Schmidt  (Herr)  on  mapping  the  surface 
of  the  moon,  1. 

Scott  (Robert  H.)  on  the  exploration  of 
the  plant-beds  of  North  Greenland,  57. 

Screw-steamers  (merchant),  table  of  the 
performances  of,  70. 

Shetland  Isles,  J.  Gwyn  Jei&eys  on 
dredging  among  the,  431. 

Shetland  seas,  Edward  Waller  on  the 
Foraminifera  obtained  in  the,  441. 

Siemens  (C.  W.)  on  a  uniformity  of 
weights  and  measures,  4C8 ;  on  stan- 
dards of  electrical  resistance,  474 ;  on 
a  **  Resistance-Measurer,"  470. 


"  Steam-ship  Performance  "  Committ^ 
report  of  the  committee  appointed  U' 
analyze  and  condense  the  imonnatic^ 
contained  in  the  reports  of  the,azfl 
other  sources  of  inmzmatioiL  on  the 
same  subject,  58. 

Steel,  er^rimental  reseaiches  on  tie 
mechanical  properties  of.  161. 

Stewart  (Balfour)  on  stanoards  of  elec- 
trical resistance,  474;  on  the  mariat 
fauna  and  flora  of  the  soutli  coast  of 
Deyon  and  Cornwall,  275. 

Sykes  (Colonel)  on  a  unifonnitT  c-f 
weights  and  measures.  468. 

Symons  (G.  J.),  second  report  of  the 
Rainfall  Committee,  448. 

Tetrachloride  of  carbon^  Dr.  Richardson 
on  the  physiological  action  of,  55. 

Thomson  (Professor  Sir  W.)  on  stan- 
dards of  electrical  resistance,  474 ;  an 
electrometers  and  electrostatic  mea- 
surements, 489. 

Tunicata,  Rey.  A.  Merle  Norman  on  the, 
procured  by  the  Shetland  dredgiog 
committee,  430. 

Varlej  (C.  F.)  on  standards  of  electrical 

resistance,  474. 
Yiyian  (Edward)  on  exploring  Kent's 

Cavern,  Deyonshire,  24. 

Waller  (Edward)  on  the  Foraminifera 
obtained  in  the  Shetland  seas,  441. 

Webb  (Rev.  T.  W.)  on  mapping  the 
surface  of  the  moon,  1. 

Weights  and  measures,  report  on  the 
best  method  of  providing  for  a  unifor- 
mity of,  4C8. 

Wheatstone  (Professor  Sir  C.)  on  stan- 
dards of  electrical  resistance,  474. 

Williamson  (Professor  A.  W.)  on  a 
uniformity  of  weights  and  measmres, 
468;  on  standards  of  electrical  resis- 
tance, 474. 

Woodward  (Henry)  on  the  stmcture 
and  classification  of  the  fossil  Crus- 
tacea, 44. 

Wrottesley  (Lord)  on  mapping  the  sur- 
face of  the  moon,  1 ;  second  report  of 
the  Rainfall  Committee,  448;  on  a 
uniformity  of  weights  and  measures, 
46». 

Yates  (James)  on  a  uniformity  of  weights 
and  measures,  468. 
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MISCELLANEOUS  COMMUNICATIONS  TO  THE 

SECTIONS. 


[An  asteritk  (*)  signifies  that  no  abstract  of  the  camntunication  is  given.'] 


^Aborigines  of  Australia,  John  Craw- 
fiird  on  tlie  animal  and  vegetable  food 
of  the,  114 

♦ ,  supposed,  John  Craufiird  on  the, 

of  India,  114. 

Acclimatization,  plant-.  Dr.  W.  Lauder 
Lindsay  on,  in  Scotland,  with  special 
reference  to  Tussac  gi-ass,  88. 

Accumulator,  electrostatic.  Sir  W.  Thom- 
son on  a  self-acting,  16. 

Accumulator,  Sir  W.  Thomson  on  a  uni- 
form-electric-current, 16. 

Acid,  Dr.  M.  Simpson  and  fDr.  A.  Gau- 
tier  on  a  compound  formed  by  the  di- 
rect union  of  aldehyde  and  anhydrous 
prussic,  40. 

— ,  J.  A.  "Wanklyn  and  R.  Schenk  on 
the  synthesis  of  caproic,  46. 

succinic.   Dr.   Maxwell  Simpson 


on  the  formation  of,  from  chloride  of 
ethylidene,  42. 

sulphurous,  P.   Spence    on   the 


economization  of,  in  copper-smelting, 

43. 
♦Acids,  Dr.  Phipson  on  the  phenomena 

which  occur  when  magnetized  steel 

is  dissolved  in,  14. 
Africa,  J.  J.  Pratt  on  the  colony  of  New 

Scotland  in,  128. 
,  South-west,  Thomas  Baines  on 

the  ports  o^  113. 
Age,  to  what  extent  is  lichen-growth  a 

test  of  ?  88. 
Alcohol,  Sir  D.  Brewster  on  the  motion 

and  colours  upon  films  of,  8. 
♦Alexander  (Sir  James  E.)  on  the  pre- 
servation of  fishing-streams,  77. 
♦Algebraical   e^uations^  Kev.  Prof.  K. 

Harley  on  finite  solutions  of,  4. 


Allman  (Prof.")  on  the  structure  of  cer- 
tain hydroicl  medusse,  77. 

Amblystegium  confervoides,  Dr.  J.  Era- 
ser on  a  moss  new  to  Britain,  82. 

♦Ammonia,  P.  T.  Main  and  A.  R.  Cat- 
ton  on  a  new  synthesis  of,  40. 

* theory.  Dr.  W.  B.  Richardson  on 

coagulation  of  the  blood,  a  correction 
of  the,  103. 

Anderson  (Lieut.),  notes  of  a  reconnois- 
sance  of  some  portions  of  Palestine, 
made  in  1865-66,  111. 

(Dr.  Thomas),  Address  as  Presi- 
dent of  the  Chemical  Section,  28. 

Anemometer  (ether),  A.  E.  Fletcher  on 
an,  for  measuring  the  speed  of  air  in 
flues  and  chimneys,  33. 

Aneroids,  Dr.  Bal&ur  Stewart  on  the 
errors  of,  26. 

♦Animal  economy,  Wentworth  L.  Scott 
on  the  presence  of  quinine  and  other 
alkaloids  in  the,  104. 

Animals,  Dr.  G.  Kobinson  on  certain 
effects  of  the  concentrated  solar  rays 
upon  the  tissues  of  living,  immersed 
in  water,  103. 

Annelids,  rlebridean.  Dr.  Mcintosh  on 
Mr.  J.  G.  Jefireys^s  collection  of,  92. 

Annelids,  E.  Ray  Lankester  on  the  boring 
of  limestones  by  certain,  85. 

,  Dr.  Mcintosh  on  the,  [of  St.  An- 
drews. 92. 

AnseU  (G.)  on  an  apparatus  for  indi- 
cating the  pressure  and  amount  of 
firedamp  in  mines,  31. 

Ansted  (Prof.  D.  T.),  on  the  passage  of 
schists  into  granite  in  the  island  of 
Corsica,  54;  on  the  lagoons  of  Cor- 
sicay  54|  112. 
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Antiseptic  properties  of  the  sulphites, 
Dr.  Polli  on  the,  103. 

Arabian  race  and  language,  John  Craw- 
furd  on  the,  114. 

^Arbitration,  E.  lienalds  on,  in  the  Not- 
tingham hosiery-manufacture;  145. 

Arboriculture,  W.  Brown  on  the  claims 
of,  as  a  science,  79. 

♦Arbroath,  A.  Brown  on  the  rainfall  of, 
19. 

Arcs,  dioular,  Professor  W.  J.  M.  Ran- 
kine  on  the  approximate  drawing  of, 
of  given  lengtns,  6. 

ArgyU  (His  Grace  the  Duke  of)  on  the 
granites  and  other  rocks  of  Ben  More, 
55. 

♦Arran,  E.  A.  Wunsch  on  some  carbo- 
niferous fossil  trees  imbedded  in.trap- 
pean  ash  in  the  island  of,  73. 

Arthropoda,  Dr.  A.  Dohm  on  the  mor- 
phology of  the,  82.  • 

Aspirator,  A.  E.  Fletcher  on  a  self- 
registering  peipetual,  32. 

Aster  salignus,  W.  P.  Hiem  on  the  oc- 
currence o^  iu  Wicken  Fen,  Cam- 

•  bridgeshire,  84. 

Atmospheric  air.  Dr.  J.  Davy  on  the  in- 
fluence of,  on  vital  action  as  tested 
by  the  air-pump,  100. 
♦Australia,  John  Crawfurd  on  the  ani- 
-    mal  and  vegetable  food  of  the  abori- 
ginee  of^  114. 

-Baines  (Thomas)  on  Walvisch  Bay  and 
the  ports  of  South- West  Africa,  113. 

Baker  (Sir  Samuel),  Address  as  Presi- 
dent of  the  Geographical  and  Ethno- 
logical Section,  104. 

Balfour  (Professor)  on  some  rare  plants 
recently  collected  in  Scotland,  79. 

Barnes  (J.  W.),  exploration  of  Beloo<- 
chistao  and  Western  Scinde,  with  a 
i-iew  to  examining  the  subterranean 
supply  of  water,  113. 

Barnstaple  Bay  (Devonshire),  II.  S. 
Ellis  on  some  mammalian  remains 
from,  69. 

Bazalffette  (J.  Van-Norden)  on  the  dif- 
ficulty of  obtaining  local  information 
after  reaching  the  summits  of  emi- 
nences from  which  extensive  liews 

•  are  obtained,  152. 

Belcher  (Admiral  Sir  E.)  on  methods 
for  testing  the  speed  of  vessels  over 
the  measured  mile,  153. 

♦Bell  (I.  Lowthian)  on  a  method  of  re- 
covering sulphur  and  oxide  of  man- 
flMuiese  used  at  Dieuze,  near  Nancy, 
France,  31. 

Bell  (Rev.P.)  onreaping-machinery,  153. 


Beloochistan,  exploration  of,  and  West- 
em  Scinde,  with  a  view  to  examininj 
the  subterranean  supply  of  water,  11  •. 

Bennett  (Dr.  Hughes)  on  protagon  in 
relation  to  the  molecular  theory  o: 
organization,  97;  on  new  investdgv 
tions  to  determine  the  amount  of  bLe 
secreted  by  the  liver,  and  how  far  ihi^ 
is  influenced  hj  mercurials,  96. 

Beigstroem's  bormg  machine.  Dr.  C.  I^ 
heye  Foster  on,  164. 

Bierens  de  Ilaan  (Dr.  D.)  on  a  theoreia 
in  the  integral  calculus,  4. 

Bile,  Dr.  H.  Bennett  on  new  investi^ 
tions  to  determine  the  amount  of,  so^ 
creted  by  the  liver,  and  how  far  lhi« 
is  influenced  by  mercurials,  98. 

Birds  and  birds'  nests,  A.  R.  Wallace  >ii 
their  plumage,  or  the  relation  b^ 
tween  sexual  diflerences  of  colour  tcti 
the  mode  of  nidification  in,  97. 

Bird's  egg,  sheU^of  the,  Dr.  O.  Ogilrie 
on  the  adaptation  of  the,  to  the  func- 
tion of  respiration,  102. 

Birmingham  wire-gauge,  Latimer  CUii 
on  the,  153. 

*Blood,  Dr.  W.  B.  Bichaidson  on  co- 
a^^tion  of  the,  103. 

Bonng  and  tunnelling,  General  Haup; 
on  the  application  of  machinery  tc, 
155. 

Bowring  (Sir  John)  on  productive  la- 
bour in  prisons  as  associated  with  thir 
reformation  of  criminals,  135. 

Brass,  Dr.  J.  D.  Everett  on  the  result- 
of  experiments  on  the  rigidity  of,  lo^l 

Brewster  (Sir  D.)  on  the  allured  oi»r- 
respondence  between  Pascal  and  New- 
ton, 1 ;  on  figures  of  equilibrium  of 
liquid  films,  o;  on  the  colours  of  tht 
soap-bubble,  6;  notice  respecting  thr> 
enamel  photographs  executed  by  Mi. 
M'Raw,  8 ;  on  the  motion  and  coloui^ 
upon  films  of  alcohol,  volatile  oil-, 
and  other  fluids,  8;  on  the  radiant 
spectrum,  8 ;  on  a  haystack  struck  b^ 
h^htning,  19. 

*Bndge,  suspension,  A.  S.  Hallidie  on 
an  improved,  155. 

Bridges,  J.  Clerk  Maxwell  on  the  theorr 
of  diagrams  of  forces  as  applied  to 
roofs  and,  150. 

British  Columbia,  P.  N.  Compton  on 
the  coast  of,  114. 

British  Museum,  Andrew  Murray  on  the 
future  administration  of  the  uatural- 
histoiy  collections  in  the,  94. 

Broome  (Capt  F.),  report  on  the  recent 
explorations  in  the  Gibraltar  cavsi, 
56. 
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♦Brovm  (A.")^  observations  of  the  rain- 
fall of  Arbroath,  19. 

Brown  (Dr.  A.  Crmn),  remarks  on  the 
calculus  of  chemical  operations,  81. 

Brown  (William)  on  the  claims  of  arbo- 
riculture as  a  science,  79. 

^Burton  (F.  M.)  on  the  lower  lias  and 
traces  of  an  ancient  Rhaotic  shore  in 
Lincolnshire,  57. 

^Caird  (James  K.)  on  an  iron  camb  for 
power-looms,  153. 

Caithness,  C.  W.  Peach  on  fossil  fishes 
of  the  old  red  sandstone  of,  72. 

Calamine  deposits,  Gordon  Davis  on  the, 
of  Sardinia,  68. 

CalamitesB,  W.  Oarruthers  on,  and  fos- 
sil E^uisetacea),  68. 

^alcimn^-ldlns,  J.  Eckersley  on  J.  R. 
Swan's  improved,  153. 

♦Calcium  (bisulphite  of),  W.  L.  Scott 
on  the  preservation  of  animal  sub- 
stances by,  40. 

Calculus  of  chemical  operations.  Dr.  A. 
Crum  Brown  on  the,  31. 

Calcutta,  P.  M.  Tait  on  the  population 
and  mortality  of,  145. 

Cambrian  rocks  of  Llanberis,  G.  Maw 
on  the,  with  reference  to  a  break  in 
the  conformable  succession  of  the 
lower  beds.  70. 

Cambridgeshire,  J.  F.  Walker  on  a  new 
phosphatic  deposit  near  Upware  in, 

,  W.  P.  Iliem  on  the  occurrence  of 

Aster  salignus  in  Wicken  Fen,  84. 

Campbell  (Dugald)  on  Messrs.  Wanklyn, 
Chapman,  and  Smith's  method  of 
determining  nitrogenous  organic  mat- 
ters in  water,  82. 

Capello  (Senhor^  on  a  comparison  of  the 
Kew  and  Lasbon  magnetic  curves 
during  the  disturbance  of  Februazy 
20-2^  1866,  20.      - 

Carboniferous  district  of  Lancashire,  £. 
Hull  on  the  relative  geological  ages  of 
the  principal  physiciu  features  of  the, 
G3. 

♦ fossil  trees,  E.  A.  Wunsch  on 

some,  imbedded  in  trappean  ash  in 
the  Island  of  Arran,  73. 

sedimentarv  rocks  of  the  North  of 


England,  E.  Hull  on  the  structure  of 
the  Pendle  range  of  hills  as  illustra- 
ting the  south-easterly  attenuation  of 
the,  62. 
Camithers  (W.),  enumeration  of  British 
CTaptolites,  67;  on  Calamitees  and 
fossil  EquisetacesB,  68 ;  ou  British  fos- 
sil CycadesB,  80. 


*Catton  (A.  R.),  a  contribution  towards 
the  expression  of  the  angle  between 
the  optic  axes  of  a  crystal  in  termd 
of  the  angles  between  the  faces,  10^ 
on  the  theory  of  double  refraction, 
with  special  reference  to  the  influence 
of  material  molecules  on  the  propa^ 
gation  of  light  in  crystals,  10;  on 
the  laws  of  symmetry  of  crystalline 
forms,  10 ;  on  the  synthesis  of  formic 
acid,  82 ;  on  Loewig's  researches  on 
the  action  of  sodium  amalgam  on 
oxalic  ether,  32. 

Cephalaspidean  fishes,  E.  Ray  Lankes- 
ter  on  some  new,  63. 

Cephalopodous  ova.  Dr.  CoUingwood  on 
a  new  form  of,  100. 

•Chambers  (Dr.  R.),  notice  of  an 
"  Esker  "  at  St.  Fort,  68. 

China  seas,  Dr.  CoUingwood  on  some 
remarkable  marine  animals  observed 
in  the,  81. 

Chlorine,  Walter  Weldon  on  a  new  ma*« 
nufacturing  process  for  the  perpetual 
regeneration  of  oxide  of  manganese 
used  in  the  manufacture  of,  48. 

Chontales,  Nicara^a,  Captain  Bedford 
Pim  on  the  mimng-district  of,  127. 

•Cinnamon,  oil  of,  W.  L.  Scott  on  the 
artificial  production  of,  40. 

Civilization,  Sir  John  Lubbock  on  the 
origin  of,  and  the  early  condition  of 
man,  118. 

Clark  (Latimer)  on  the  Birmingham 
wire-gauge,  153. 

•Claudet  (A.)  on  photographic  portraits 
obtained  by  single  lenses  of  rock  cnrs- 
tal  and  topaz,  10;  on  a  mechanical 
means  of  producing  the  difierential 
motion  required  to  equalize  the  focus 
for  the  different  planes  of  a  solid, 
10 ;  on  a  new  fact  of  binocular  vision, 
10. 

Cleland  (Professor)  on  the  nerves  of  the 
cornea,  100 ;  on  some  points  connected 
with  the  joints  and  ligaments  of  tba 
hand,  100 ;  on  the  epithelium  of  the 
cornea  of  the  ox  in  relation  to  the 
growth  of  stratified  epithelium,  100. 

Climate,  Rev.  J.  Gunn  on  the  tertiary 
and  quaternary  deposits  in  the  Gastem 
Counties,  vrith  reference  to  periodic 
oscillations  of  level  and,  60. 
Cobbold  (Dr.)  on  the  entozoa  of  the 
common  fowl  and  of  game  birds  In 
their  supposed  relation  to  the  grouse- 
disease,  80. 
Cockle  (the  Hon.  J.)  on  the  inverse 

problem  of  coresolvents,  8. 
Gomage,  F.  P.  Fellows  on  the  varioua 
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methods  in  which  our,  nmy  be  deci- 
malized, 138. 

*Cold;  Dr.  W.  B.  Richardson  on  some 
effect  produced  by  applying  extreme, 
to  certain  parts  of  the  nervous  system, 
103. 

Colling^ood  (Dr.)  on  the  geolo^  of 
Noith  Formosa,  58 ;  on  the  habits  of 
flyingfish,  80;  on  some  remarkable 
marine  animals  observed  in  the  China 
seas,  81;  on  pelagic  floating  animals 
observed  at  sea,  81 ;  notes  on  oceanic 
Hydrozoa,  81 ;  on  Trichodesmium  or 
sea-dust,  81;  on  a  new  form  of  ce- 
phalopodous  oya,  100;  on  a  boat- 
joumey  across  the  north  end  of  For- 
mosa m>m  Tam-8uy  to  Kelung,  113. 

* ,  on  the  consumption  of  opium, 

137. 

Collomb  (Edouard)  et  Charles  Martin 
sur  I'ancien  glacier  de  la  valine  d'Ar- 

Seles  dans  les  Pyr^Sn^es,  66. 
onies  (British),  Dr.  W.  Lauder  Lind- 
say on  the  conservation  of  forests  in, 


Colours  of  the  soap-bubble.  Sir  D.  Brew- 
ster on  the,  6. 

Compton  (P.  N.^  on  the  coasts  of  Van- 
couver's Islancli  British  Columbia,  and 
Russian  America,  114. 

Confectionery  and  marmalade  trade  of 
Dundee,  C.  C.  Maxwell  on  the,  143. 

Coniston  group.  Prof.  Harkness  and  Dr. 
Nicholson  on  the,  of  the  Lake  district, 
61. 

^Convicts,  male,  on  the  utilization  or 
more  profitable  employment  of,  143. 

Copper-smelting,  P.  Spence  on  the  eco- 
nomization  of  sulphurous  acid  in,  43. 

Cornea,  Professor  Cleland  on  the  nerves 
of  the,  100 ;  on  the  epithelium  of  the, 
of  the  ox  in  relation  to  the  growth  of 
stratified  epithelium,  100. 

Coresolvents,  the  Hon.  J.  Cockle  on  the 
inverse  problem  of,  3. 

Corsica,  Professor  D.  T.  Ansted  on  the 
Woons  of,  64, 112;  on  the  passage  of 
schists  into  granite  in  the  islana  of, 
64. 

Crags,  upper  and  lower,  J.  £.  Taylor  on 
the  relation  of  the,  in  Norfolk,  157. 

Crawfurd  (John)  on  the  antiquity  of 
man,  114;  on  the  dissemination  of 
the  Arabian  race  and  language,  114. 

* on  the  history  and  migration  of 

sacchariferous  or  sugar-yielding  plants 
in  reference  to  ethnology,  114;  on  the 
animal  and  vegetable  food  of  the  abo- 
rigines of  Australia,  114 ;  on  the  sup- 
pled plurality  of  the  races  of  man, 


114;  on  the  supposed  aborigines  of 
India  as  distinguished  from  its  d^- 
lized  inhabitants,  114;  on  the  com- 
plexion, hair,  and  eyes  as  tests  of  the 
races  of  man,  114. 

Criminals,  Sir  John  Bo'wriiig  on  pro- 
ductive labour  in  prisons  as  assodatx^d 
with  the  reformation  of^  135. 

*Criswick  (H.  C),  life  amongst  the 
Vegs,  116. 

Crookes  (W.)  on  a  new  polarizing  pho- 
tometer, 32. 

♦CroBskey  (Rev.  W.  H.)  on  the  relatioe 
of  the  glacial  shell-beds  of  the  Cane 
of  Gowrie  to  those  of  the  West  cf 
Scotiand,  68. 

Cycadeae,  W.  Carruthers  on  British  foe 
sU,  80. 

Cyclical  symbol.  Rev.  Prof.  R.  Harkr 
on  a  certain,  4, 

Dalton  and  *Dr.  Henry,  'Dr.  N.  de  Kha- 
nikof  on  experiments  for  the  verifica- 
tion of  the  laws  of,  on  the  absorption 
of  gases  by  liquids,  34. 

Darien,  Isthmus  of,  M.  Lucien  de  Puydt 
on  two  explorations  of  the,  ^th  a 
view  to  discovering  a  practical  line 
for  a  ship  canal,  12o. 

Davis  (Gordon)  on  the^calamine  depo- 
sits of  Sardinia,  68. 

♦Davis  (W.  B.),  a  list  of  5600  prime 
numbers,  by,  4. 

Davy  (Dr.  John)  on  the  influence  of 
atmospheric  air  on  vital  action  ns 
tested  by  the  air-pump,  100 ;  on  the 
character  of  the  Negro,  chiefly  in  re- 
lation to  industrial  habits,  115. 

Dohm  (Dr.  Anton)  on  the  morphology 
of  the  Arthropoda,  82. 

Dredging,  notice  of,  by  the  late  H.  P.  C. 
Moller,  off  Fair  Isle,  between  Orknev 
and  Shetland,  93. 

Duff  (M.  £.  Grant),  Address  as  President 
of  the  Statistical  Section,  132. 

Dundee,  James  Yeaman  on  the  seal-  and 
whale-fishings  as  prosecuted  by  the 
North-Sea  fleet  sailing  from,  148. 

,  Henry  Gourlay  on  the  snipbuild- 

ing  at,  137. 
-,  C.  C.  Maxwell  on  the  confectionery 


and  marmalade  trade  of,  143. 
-,  J.  G.  Orchar  on  the  engineering 


manufacture  of,  144. 
-,  A.  J.  Warden  on  the  linen  manu- 


facture in,  146. 
* ,  statistics  of  the  social  condition 

of,  146. 
*Dunn  (R.^  on  the  phenomena  of  life 

and  mina,  101, 
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Dye-stuflb,  Dr.  W.  Lauder  Lindsaj  on 
the  present  uses  of  lichens  as,  38. 

Djnamo-magnetic  machine^  W.  Ladd  on 
a  new  form  of,  13. 

!Earth,  Dr.  Julius  Schvarcz  on  the  in- 
ternal heat  of  the,  73. 

♦Eckersley  (J.)  on  J.  R.  Swan's  im- 
proved calcining  kilns,  153. 

Eclipse,  total,  of  August  18,  1868, 
Major  J.  F.  Tennant  on  the  prepara- 
tions for  obserying  the,  5, 

^Education,  Professor  J.  E.  T^  Rogers 
on  the  funds  available  for  developing 
the  machinery^  of,  145. 

Electric  machmes.  Sir  W.  Thomson 
on,  founded  on  induction  and  convec- 
tion, 18. 

Electricity,  atmospheric,  Dr.  J.  D. 
Everett  on  the  results  of  observations 
of,  at  Kew  Observatory  and  Windsor, 
Nova  Scotia,  20. 

Electricity,  T.  Stevenson  on  a  proposal 
to  illuminate  beacons  and  buoys  by, 
conveyed  through  submarine  wires 
connected  with  the  shore,  14. 

Electrometers,  Sir  W.  Thomson  on  a 
series  of,  for  comparative  measure- 
ments through  great  range,  16. 

Ellis  (Henry  S.)  on  some  mammalian 
remains  from  the  submerged  forest  in 
Barnstaple  Bay,  Devon,  59. 

Eminences,  summits  of,  J.  Yan-Norden 
Bazalgette  on  the  difficulty  of  obtain- 
ing local  information  after  reaching 
the,  from  which  extensive  views  are 
obtained,  152. 

♦Engineer,  Scientific,  W.  W.  Urquhart 
on  some  of  the  dimculties  the,  meets 
with  in  practice,  157. 

Engineering  manufacture  of  Dundee, 
James  G.  Orchar  on  the,  144. 

England,  Professor  Leone  Levi  on  the 
condition  and  progress  of  Scotland  in 
relation  to  Ireland  and,  140. 

Entozoa,  Dr.  Cobbold  on  the,  of  the 
common  fowl  and  of  game  birds,  in 
their  supposed  relation  to  the  grouse- 
disease,  ob. 

Epiglottis,  G.  D.  Gibb  on  vocal  and 
other  influences  upon  mankind  from 
pendency  of  the,  101. 

Epithelium,  Professor  Cleland  on  the,  of 
the  cornea  of  the  ox  in  relation  to  the 
growth  of  stratified  epithelium,  100. 

EquisetacesB,  W.  Carruuiers  on  Calami- 
tesB  and  fossil,  58. 

♦'^  Esker,"  Dr.  R.  Chambers  on  an,  at 
St.  Fort,  58. 

Ethnography,  ancient,  IL  H.  Iloworth 


on  some  changes  of  surface  affecting, 
117. 
-,  Mrs.  Lynn  Linton  on  the,  of  the 


French  Exhibition  as  represented  by 
national  arts,  117. 

♦Ethnolo^,  John  Crawfurd  on  the  his- 
tory and  migration  of  sacchariferous 
or  sugar-yielding  plants  in  reference 
to,  114. 

Ethylidene,  chloride  of.  Dr.  Maxwell 
Simpson  on  the  formation  of  succinic 
acid  from,  42. 

Everett  (T)r.  J.  D.)  on  the  results  of  ob- 
servations of  atoiospheric  electricity 
at  Kew  Observatory  and  at  Windsor, 
Nova  Scotia,  20;  on  the  results  of 
experiments  on  the  rigidity  of  glass, 
brass,  and  steel,  153. 

Exocoetus,  Dr.  Collingwood  on  the 
habits  of  the,  80. 

Faima,  marine,  Dr.  M^ntosh  on  the 
invertebrate,  of  St.  Andrews,  92. 

♦Fawcus  (George)  on  the  stowage  of 
ships'  boats,  154 

Fellows  (F.  P.)  on  the  various  methods 
in  which  our  coinage  may  be  deci- 
malized, the  advantages  and  disad- 
vantages of  each,  138. 

Femie  (John)  on  the  iron  and  steel 
shown  at  the  Paris  Exhibition,  154. 

Ferns,  E.  J.  Lowe  on  the  abnormal  form 
of,  91. 

Films,  liquid.  Sir  D.  Brewster  on 
figures  of  equilibrium  of,  6. 

■  of  alcohol,  volatile  oils,  and  other 
fluids,  Sir  D.  Brewster  on  the  motion 
and  colours  upon,  8. 

firedamp  in  mines^  G.  Ansell  on  an 
apparatus  for  indicating  the  pressure 
and  amoimt  of,  31. 

Fishes,  fossil,  C.  W.  Peach  on,  of  the 
old  red  sandstone  of  Caithness  and 
Sutherland,  with  notices  of  some  new 
to  those  counties,  72. 

*Fishing  streams,  Sir  J.  E.  Alexander 
on  the  preservation  of,  77. 

Flame,  Sir  W.  Thomson  on  volta-con- 
vection  by,  17. 

Flax,  New-Zealand,  Dr.  W.  Lauder 
Lindsay  on  the  obstacles  to  the  utili- 
zation of  the,  141. 

Fletcher  (A  E.)  on  a  self-registering 
perpetual  aspirator,  32;  on  an  ether 
anemometer  for  measuring  the  speed 
of  air  in  flues  and  chimneys,  33. 

Flvin^sh,  Dr.  Collingwood  on  the 
habits  of,  80. 

Forbes  (George)  on  the  meteor  shower 
of  August  1807,  20. 
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Forest-trees,  is  lichen-growth  detri- 
mental to  ?  87. 

Forests,  Dr.  W.  Lauder  Lindsay  on  the 
conservation  of,  in  our  colonies,  86. 

♦Formic  acid,  A.  R.  Catton  on  the  syn- 
thesis of,  82. 

Formosa,  Dr.  CoUingwood  on  a  hoat- 
joumey  across  the  north  end  of,  from 
Tam-8iiy  to  Kelung,  113. 

,  North,  Dr.  CoUingwood  on  the 

geology  of,  58. 
-,  islands  round  the  north  of,  Dr. 


CoUingwood  on  the  geology  of,  58. 

Foster  (C.  Le  Neve)  on  the  Perseherg 
iron  mines,  Sweden,  00;  on  Berg- 
stroem's  horing  machine  used  at  the 
Perseherg  mines,  Sweden,  154. 

France,  Colonel  Sykes  on  the  report 
upon  the  state  ol^  the  empire  of,  pre- 
sented to  the  senate  ana  legislative 
hody,  Fehruary  1807,  145. 

Fraser  (Dr.  Jolin)  on  a  moss  new  to 
Britain,82. 

Frith  of  Forth,  D.  Milne  Home  on  the 
old  sea-clifi&  and  submerged  banks  of 
the,  61. 

Fruit-trees,  is  lichen-growth  detrimental 
top  87. 

♦Fuel,  William  Patereon  on  the  con- 
sumption of,  150. 

Gales,  C.  Meldrum  on  the,  and  hurri- 
canes of  the  Indian  Ocean,  21. 

♦Galloway  (G.  B.)  on  the  application  of 
the  funds  derived  from  patent-fees, 
154. 

Gases,  Dr.  N.  de  Khanikof  on  the  ab- 
sorption of,  by  liquids,  34. 

Gautier  (Dr.  A. )  and  Dr.  Maxwell  Simp- 
son on  a  compound  formed  by  the 
direct  union  ot  aldehyde  and  anhy- 
drous prussic  acid,  40. 

Geikic  (Archibald),  Address  as  Presi- 
dent of  the  Geological  Section,  49  j  on 
the  progress  of  the  geological  survey 
of  Scotland,  00. 

Gibb  (G.  D.)  on  vocal  and  other  in- 
fluences upon  mankind  from  pendency 
of  the  epiglottis,  101. 

Gibraltar  caves,  Capt.  F.  Broome's  re- 
port on  the  recent  explorations  in  the, 
56. 

Gilbert  (Dr.)  and  J.  B.  Lawes  on  the 
composition  of  wheat  grown  for 
twontv  years  in  succession  on  the 
same  land,  30. 

♦Glacial  shell -beds  of  the  Carse  of  Gow- 
rio,  liev.  \V.  IT.  Crosskev  on  the  re- 
]ation  of  tho,  to  those  in  the  West  of 
Scotland,  5^. 


Glacier,  rancieO;  Cliarles  Mntins  et  L 

CoUomb  aur,  de  la  vallte  &*\re^ 

dans  lea  Pyr^n^ea,  06. 
Glass,  Dr.  J.  D.  Everett  on  the  tma- 

of  experiments  on  the  rigidity  of.  IVl 
Globiocephalua  SvinevaL  Professor  Tin- 
ner on  the  anatomy  of  the,  104 
♦Gold  coins  of  Columbia^  New  Gnoada. 

Chili,  and  Bolivia,  Prof.  Lawson  a 

the  analyses  of,  87. 
Goldfields  of  Scotland,  Dr.  W.  Laadt: 

Lindsay  on  the,  64. 
Gourlay  ^enrv)  on   the  8hipbai]di&: 

at  Dundee,  1^7. 
Graham  (Cyril)  on  exploration  in  Pales- 
tine, lia 
Granite,  D.  T.  Ansted  on  the  naan^  • 

schists  into,  in  the  island  of  Corar:. 

54. 
Granites,  His  Grace  the  Duke  ofAw^^ 

on  the,  and  other  rocks  of  Ben  Mo^ 

56. 
Graptolites,  British,  enumeration  of,  or 
,  Dr.  H.  A.  Nicholson  on  the,  of  th- 

Skiddaw  slates,  71. 
Graptolitidss,  Dr.  H.  A.  Nicholson  o: 

the  nature  and  systematic  positioo  of 

the,  7L 
♦Greig  (David)  on  steam  cultivation,  155. 
Grierson    (Dr.)  on  the   destruction  cf 

plantations  at  Drumlanrig  by  a  Bpedr 

of  vole,  82. 
Griffithsia  corallina,  C.  W.  Peach  on  tb* 

fructification  of,  96. 
Grouse-disease,  Dr.  Cobbold  on  the  «- 

tof  oa  of  the  common  fowl  and  of  gan-*' 

birds,  in  their  supposed  relation  ti* 

the,  80. 
,  Rev.  H.  B.  Tristram  on  the  it^- 

logical  aspects  of  the,  07. 
Gunn  (Rev.  J.)  on  tertiary  and  qTlste^ 

naiy  deposits  in  the  Eastern  Coin- 

ties,  00. 
Gutta-percha  insulated  wire8,TV.  Hoope: 

on  the  electrical  properties  of  -^^ 

Hooper's  insidated  wires   comparf^^ 

with,  13. 

♦HaJliday  (John)  on  heating  hot-hon«^ 

156. 
♦Hallidie  (A.  S.)  on  an  improved  m" 

pension  bridge,  155. 
Hand,  Prof.  Cldand  on  some  points  coii- 

nected  with  the  joints  ana  ligameut* 

of  the,  100. 
Harkness  (Prof^  and  Dr.  H.  A.  Nichol- 
son on  the  (Joniston  group  of  tb"? 

Lake-district,  01. 
Ilarley  (Rev.  Pi'of.  R.)  on  a  certaifl  cy 

clical  symbol,  4. 
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^Ilarler  (Rey.  Piof.  R.)  on  finite  solutions 
of  au^biaical  equations,  4. 

Haupt  ^Qeneial)  on  the  application  of 
machineiy  to  boring  ana  tunnelling^ 
165. 

Heat,  Dr.  Julius  Schvarcz  on  tlie  in- 
ternal, of  the  earth,  73. 

Heaton  (Dr.  J.  D.)  on  certain  simula- 
tions of  yegetable  growths  by  mineral 
substances,  83. 

^Henderson  (Frank)  on  the  leather  ma- 
nufacture of  Dundee,  140. 

Hiem  (W.  P.)  on  the  occurrence  of 
Aster  salignus  in  Wicken  Fen,  Cam- 
bridgeshire, 84. 

Hirst  (T.  Archer)  on  the  alleged  cor- 
respondence between  Pascal  and  New- 
ton recently  communicated  to  the 
French  Academy,  2, 

Homme,  G.  Martms  sur  une  nouvelle 
comparaison  des  membres  pelviens  et 
thoraciques  chez  1*,  les  mammif^res, 
les  oiseaux  et  les  reptiles,  d^uite  de 
la  torsion  de  Thum^rus,  158. 

Hooper  (W.)  on  the  electrical  induction 
of  Mr.  Hooper's  insulated  wires,  com- 
pared with  gutta-percha  insulated 
wires,  13. 

*Hot-housee,  John  Halliday  on  heating, 
155. 

Howorth  (H.  H.)  on  some  changes  of 
surface  affecting  ancient  ethnoCTaphy, 
117;  on  the  origines  of  the  r^orse- 
men,  117. 

Hull  (Edward)  on  the  structure  of  the 
Pendle  range  of  hills,  Lancashire,  as 
illustrating  the  south-easterly  atte- 
nuation of  the  carboniferous  sedimen- 
tary rocks  of  the  North  of  England, 
62;  on  the  relative  ^ological  ages 
of  the  principal  physical  Matures  of 
the  carboniferous  district  of  Lanca- 
shire, 63. 

Hurricanes,  C.  Meldrum  on  the  gales 
and,  of  the  Indian  Ocean,  21. 

^Hydrocarbons,  R.  Smith  on  the  saseous 
products  of  the  destructive  distilla- 
tion of,  43. 

Hvdrozoa,  oceanic,  Dr.  Collingwood  on, 
81. 

*India,  Dr.  Oldham  on  thc»  j?eology  of,  72. 
,  John  Crawfiird  on  the  supposed 

aborigines  of,  as  distinguished  from  its 

civilized  inhabitants,  114. 
Indian  Ocean,  C.  Meldrum  on  the  gales 

and  hurricanes  of  the,  21. 
Indians,  Wild,  Professor  A.  llaimondy 

on    the,    inhabiting    the    forests    of 

lluanta.  Pern,  120. 


Induction-spark  apparatus,  C.  W.  Sie- 
mens on  the,  for  illuminating  beacons 
and  buoys  used  in  the  first  experi- 
ments made  for  the  Northern-Lights 
Board,  14. 

Integral  calculus,  Dr.  Herens  de  Haan 
on  a  theorem  in  the,  4. 

Ireland,  Professor  Leone  Levi  on  the 
condition  and  progress  of  ScoUand  in 
relation  to  England  and,  140. 

Iron  and  steel,  John  Femie  on  the, 
shown  at  the  French  Exhibition,  154. 

,  Ferdinand  Kohn  on  the,  at  the 

Paris  Exhibition,  155. 

*Iron  fioatin^  forts,  S.  J.  Mackie  on,  and 
other  floating  structures,  and  on  Daft's 
method  of  construction  of  iron  fabrics, 
156. 

Iron  mines,  Perseberg,  0.  Le  Neve 
Foster  on  the,  60. 

Jerusalem,  Captain  C.  W.  Wilson  on 
recent  discoveries  in  and  around  the^ 
site  of  the  Temple  at,  131. 

Joints  and  ligaments  of  the  hand,  Pro- 
fessor Cleland  on  some  points  con-* 
nected  with  the,  100, 

Jussisea,  Prof.  C.  Martins  sur  les  racinea 
a^rif^res  ou  vessies  natatoires,  la 
synonymie  et  la  distribution  gdogra* 
phique  de  quelques  esp^ces  aqua- 
tiques  du  genre,  163. 

Kew  and  Lisbon  magnetic  curves,  Senhor 

Capello  on  a  comparison  of  the,  during 

the  disturbance  of  February  20-25, 

1866,  20. 
Kew  Observatory,  Dr.  J.  D.  Everett  on 

the  results  of  observations  at,  and 

Windsor.  Nova  Scotia,  20.  ^ 
Khanikof  (Dr.  N.  de),  experiments  for 

the  verification  of  the  laws  of  Dr. 

Henry  and  Dalton  on  the  absorption 

of  gases  by  liquids,  34. 
Kohn  (Ferdmand)  on  the  iron  and  steel 

at  the  Paris  Exhibition,  155. 

Ladd  (W.)  on  a  new  form  of  dynamo- 
magiietrc  machine,  13.  \ 

* on  a  magneto-electric  machine,14. 

Lagoons  of  Corsica,  Professor  D.  T.  An- 
sted  on  the,  64, 112. 

Lake  district.  Professor  Harkness  and 
Dr.  Nicholson  on  the  Coniston  group 
of  the,  61. 

Language,  John  Crawfurd  on  the  Ara- 
bian race  and,  114. 

* ,  P.  H.  Thorns  on  community  of, 

and  uniformity  of  notation,  weights, 
measures,  and  coinage,  145. 
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Lankester  (E.  Ray)  on  some  new  ce- 
phalaflpidean  fishes,  63 ;  on  the  boring 
of  limestones  by  certain  annelids,  85 ; 
on  the  anatomy  of  the  limpet,  85 ; 
observations  with  the  spectroscope  on 
animal  substances,  101. 

*La  Plata,  exploration  of  the  Grand 
Ohaco  in,  127. 

Lawes  (J.  B.)  and  Dr.  Gilbert  on  the 
composition  of  wheat  grown  for  twenty 
years  in  succession  on  the  same  land, 
30. 

♦Lawson  (Prof.  G.),  notes  of  the  ana- 
lyses of  gold  coins  of  Columbia,  New 
Granada,  Chili,  and  Bolivia;  with 
some  accoimt  of  the  operations  of  gold- 
mining  in  Noya  Scotia,  37. 

^Leather  manufacture,  Frank  Hender- 
son on  the,  of  Dundee,  140. 

Leprosy,  H.  J.  Ker  Porter  on  the  pre- 
valence of,  in  the  kingdom  of  Norway, 
144. 

Levi  (Professor  Leone)  on  the  condition 
and  progress  of  Scotland  in  relation 
to  England  and  Ireland,  140. 

Lewis  (j.)  on  an  improved  marine  steam- 
boiler,  155. 

*Lias,  lower,  F.  M.  Burton  on  the,  in 
Lincolnshire,  57. 

Lichen-growth,  is  it  detrimental  to 
forest  and  fruit-trees  ?  87, 

,  to  what  extent  is  it  a  test  of  age  P 
88. 

Lichens,  Dr.  W.  Lauder  Lindsay  on  the 
present  uses  of,  as  dye-stufi&,  38 ;  on 
polymorphism  in  the  fructification  of, 
89. 

*Life  and  mind,  K.  Dunn  on  the  phe- 
nomena of,  101. 

♦Life,  P.  Melville  on,  its  nature,  origin, 
&c.,  102. 

Life-boat,  I'rofessor  Macdonald  on  the 
construction  of  the,  155. 

♦Life-boats,  George  Maw  on  covered, 
166. 

Lightning,  note  by  Sir  D.  Brewster  on 
a  haystack  struck  by,  19. 

Limestones,  £.  Ray  Lankester  on  the 
boring  of,  by  certain  annelids,  85. 

Limpet,  £.  Ray  Lankester  on  tiiie  ana- 
tomy of  the,  85. 

♦Lindsay  (the  late  J.)  on  a  proof  of 
the  binomial  theorem,  5. 

Lindsay  (Dr.  W.  Lauder)  on  the  present 
uses  of  lichens  as  dye-stuifs,  88;  on 
the  gold-fields  of  Scotland,  64;  on 
the  conservation  of  forests  in  our 
colonies,  85 ;  is  lichen-growth  detri- 
mental to  forest-  and  fruit-trees  ?  87 ; 
on  plant-acclimatization  in  Scotland, 


with  especial  reference  to  Tuasac  gn.^ 
88 ;  to  what  extent  is  lichen-gro^j 
a  test  of  age  P  88 ;  on  polyinoiphi*^  | 
in  the  fructification  of  lichens,  81^  o::  i 
the  obstacles  to  the  utilisation  of  2sVw.  I 
Zealand  fiax,  141.  | 

Linen  manufacture,  A.  J.   Warden  cz  i 
the,  in  Dundee  and  neig^hbourhoou 
145.  I 

♦Lingula-fiags,  J.  Plant  on  the  geology  i 
and  fossils  of  the,  at  L'pper  Maw-  ' 
ddach,  72.  I 

Linton  (Mrs.  Lynn)  on  the  ethnogn-   | 
phy  or  the  French  Exhibition  as  i^- 
presented  by  national  arts,  117.  ' 

Lisbon  and  Kew  magnetic  cuires,  Sen-    j 
hor  Capello  on  a  comparison  of  tik. 
during  the  disturbance  of  Pefanurr 
20-25,  1866,  20. 

Liver^  Dr.  H.  ^nnett  on  new  investi- 
gations to  determine  the  amount  o£ 
bile  secreted  by  the,  and  how  far  thL' 
is  influenced  by  mercurials,  98. 

Livingstone-Search  Expedition,  Sir  R  L 
Murchison,  Bart,  on  the,  126. 

Lowe  (E.  J.)  on  the  abnormal  forms  (^ 
ferns,  91. 

Lubbock  (Sir  John)  on  some  points  in 
the  anatomy  of  the  Thysanura,  91 ;  on 
the  origin  of  civilization  and  the  eariv 
condition  of  man,  118. 

Macdonald  (Prof.)  on  the  constructioa 
of  the  life-boat,  155. 

♦ on  an  improved  paddle-wheel, 

155. 

Mcintosh  (Dr.)  on  the  invertebrate  ma- 
rine fauna  and  fishes  of  St.  Andrewsi, 
92  5  on  Mr.  J.  G.  Jeffreys's  collection 
of  Hebridean  annelids,  92;  on  the 
annelids  of  St.  Andrews,  92 ;  experi- 
ments with  poisons,  &c.,  on  young 
salmon,  102. 

♦Mackie  (S.  J.)  on  iron  floating  forts, 
iron  harbours, and  other  floating  struc- 
tures, and  on  Daft's  method  of  con- 
struction of  iron  fabrics,  156. 

Magnetic  curves,  Senhor  Capello  on  a 
comparison  of  the  Kew  and  Lisbon, 
during  the  disturbance  of  Februarv, 
20-25, 1866,  20. 

♦Mngneto-electric  machine,  W.  Ladd  on 
a  14. 

♦Main  (P.  T.)  and  A.  R.  Catton  on  a 
new  synthesis  of  ammonia,  40. 

Mammalian  remains,  11.  S.  Ellis  on  some, 
from  the  submerged  forest  in  Barn- 
staple Bay,  Devon,  59. 

Mammiferes,  Charles  Martins  sur  une 
nouvelle  compaiaison   des  membn's 
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pelviens  et  thoraciqued  chez  I'homme, 
les,  les  oiseaux  et  les  reptiles,  d^duite 
de  la  torsion  de  rhum^rus,  158. 
Man,  Sir  John  Lubbock  on  the  origin  of 
civilization,  and  the  early  condition 
of,  118. 

,  John  Crawfurd  on  the  antiquity 

of,  114.  ^     ^ 

-,  John  Crawfurd  on  the  plurality 


of  the  races  of,  1 14 ;  on  the  complexion, 
hair,  and  eyes  as  tests  of  the  races  of 
man,  114. 

*Mangtuiese,  oxide  of,  I.  Lowthian  Bell 
on  a  method  of  recovering  sulphur 
and,  used  at  Dieuze,  near  Nancy, 
France,  81. 

,  Walter  Weldon  on  a  new  manu- 
&cturing  process  for  the  perpetual  re- 
generation o^  used  in  the  manufacture 
of  chlorine,  48. 

Mankind^  G.  D.  Gibb  on  vocal  and 
other  influences  upon,  from  pendency 
of  tiie  epiglottis,  101. 

Mannalade  trade,  C.  C.  Maxwell  on  the, 
of  Dundee,  143. 

Martins  (Prof.  Charles)  sur  une  nou- 
velle  comparaison  des  membres  pel- 
viens et  tnoraciques  chez  Thomme, 
les  mammif&res,  les  oiseaux  et  les 
reptiles,  d^uite  de  la  torsion  de 
rhum^rus,  158  ,*  sur  les  racines  a^ri- 
f&res  ou  vessies  natatoires,  la  synony- 
mie  et  la  distribution  g^ographique  de 
quel^ues  esp^ces  aquatiques  du  genre 
J  ussisea.  loS. 

—  et  Edouard  CoUomb  sur  I'ancien 
glacier  de  la  vall^  d'Argel^s  dans  les 
Fyrdn^,  66. 

Masters  ([Dr.  M.  T.)  on  polliniferous 
ovules  in  a  rose,  03. 

^Matthew  (Patrick),  employer  and  em- 
ployed—capital  and  labour,  143. 

Maury  (Captain  M.  F.)  on  the  physical 
geography  of  Nicaragua  with  reference 
to  interoceanic  transit,  125. 

Maw  ^George)  on  the  Cambrian  rocks 
of  Llanberis  with  reference  to  a  break 
in  the  conformable  succession  of  the 
lower  bed,  70. 

♦ ,  on  covered  life-boats,  156. 

Maxwell  (Charles  C.)  on  the  confec- 
tionery and  marmalade  trade  of  Dun- 
dee, 143. 

Maxwell  (J.  Clerk)  on  a  real-image 
stereoscope.  11;  on  the  theory  of 
diagrams  or  forces  as  applied  to  roofs 
and  bridges,  156. 

Mayne  ([Messrs.  Wallace  and)  on  a 
reruvian  exnedition  up  the  rivers 
Ucayali  and  rachitea,  131. 

1867. 


MedusfiB,  llydroid,  Prof.  Allman  on  the 
structure  of  certain,  77. 

(naked-eyed*),  C.  W.  Peach  on, 

found  at  Peternead  and  Wick  and 
other  British  localities,  96. 

Meldrum  (p.^  on  the  gales  and  hurri- 
canes or  tne  Indian  Ocean  south  of 
the  equator,  21. 

♦Melville  (P.)  on  life,  its  nature,  origin, 
&C.,  102. 

•Menteath  (P.  W.  Stuart)  on  tertiary 
and  posttertiary  action  m  the  Pyre- 
nees, 70. 

Mercuriak,  Dr.  H.  Bennett  on  new  in- 
vestiffations  to  determine  the  amount 
of  bile  secreted  by  the  liver,  and  how 
far  this  is  influenced  bythe  use  of,  98. 

Meteor  shower,  George  Forbes  on  the, 
of  Aupst  1867,  20. 

Meteorological  observations  at  sea,  F. 
W.  Moffat  on,  25. 

Metric  system,  reasons  why  the  ofiice  of 
wiurden  of  the  standaros  should  in- 
clude standard  weights  and  measures 
of  the,  in  addition  to  those  of  the 
imperial  weights  and  measures,  146. 

Microscopical  preparations,  exhibitions 
of,  104: 

Milne  Home  (D.)  on  the  old  sea-clifls 
and  submarine  banks  of  the  Frith  of 
Forth,  61. 

♦Mitchell  (Joseph)  on  a  new  mode  of 
constructing  tne  sur&ce  of  streets  and 
thoroughfares,  156. 

Mofiat  (F.  W.)  on  meteorological  obser- 
vations at  sea,  25. 

♦Moffat  (Dr.  J.)  on  the  luminosity  of 
phosnhorus,  11. 

Molecular  theory  of  organization.  Dr. 
Hughes  Bennett  on  protagon  in  rela- 
tion to  the,  97. 

Morch  (0.  A.  L.),  notice  of  dredging  by 
the  late  H.  P.  C.  MoUer,  off  Fair  Isle, 
between  Orkney  and  Shetland,  93. 

Moss,  new,  Dr.  John  Fraser  on  a,  82. 

Mount  Pindus,  Major  K.  Stuart  on  the 
Vlakhs  of,  130. 

Murchison  (Sir  R.  I.,  Bart.),  observa- 
tions on  the  Livingstone-search  expe- 
dition now  in  process,  126;  on  the 
International  Prehistoric  and  Anthro- 
pological Congress,  126. 

Murray  (Andrew)  on  the  future  admi- 
nistration of  the  natural-history  col- 
lections in  the  British  Museum,  94. 

Napier  (J.  R)  and  Prof.  W.  J.  Mac- 
quom  Rankme  on  the  use  of  move- 
able seats  for  slide-valves,  156. 

Natural-history  collections  of  the  Bri- 
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tish  Museum,  Andrew  Murray  on  the 
future  administration  of  the,  04 

Negro,  Dr.  John  Davy  on  the  character 
of  the,  chiefly  in  relation  to  industrial 
hahits,  110. 

Nerves  of  the  cornea,  Prof.  Clelond  on 
the,  100. 

♦Nervous  system,  Dr.  W.  B.  Richardson 
on  some  eifects  produced  by  applying 
extreme  cold  to  certain  parts  of  the, 
103. 

New  Scotland,  J.  Pratt  on  the  colony  of, 
in  Southern  Afiica,  128. 

Newton,  Sir  David  Bi^ewster  on  the 
alleged  correspondence  between  Pas- 
cal and,  1. 

,  T.  Archer  Hirst  on  the  alleged 

correspondence  between  Pascal  and, 
recently  communicated  to  the  French 

•    Academy,  9. 

New-Zealand  flax,  Dr.  "W.  Lander  Lind- 
say on  the  obstacles  to  the  utUization 
of  the,  141. 

Nicaragua,  Captain  M.  F.  Maury  on 
the  physical  geography  of,  with  refer- 
ence to  interoceanic  transit,  126. 

,  Oaptain  Bedford  Pirn  on  the  mi- 
ning district  of  Chontales,  127. 
,  Lieut.  S.  P,  Oliver  on  two  routes 


through,  127. 

Nicholson  (Dr.  H.  A.)  and  Prof.  Hark- 
ness  on  the  Ooniston  group  of  the 
Lake-district,  61. 

Nicholson  ^Dr.  H.  A.)  on  the  nature  and 
systematic  position  of  the  GraptoK- 
tida3,  71,  06;  on  the  QraptoUtes  of 
the  Sldddaw  slates,  71. 

Nitrogenous  matter  in  water,  Dugald 
Campbell  on  Messrs,  Wanklyn.  Chap- 
man, and  Smith's  method  of  deter- 
mining, 32. 

Norfolk,  John  £.  Taylor  on  the  relation 
of  the  tipper  and  lower  orags  in.  157. 

* f  J.  Wyatt  on  the  gradual  altera- 
tion of  the  coast-line  in,  73. 

Norsemen,  H.  H.  Howoxth  on  the  ori- 
gines  of  the,  117. 

Norway,  H.  J.  Ker  Porter  on  the  preva- 
lence of  ''Spedalske"  or  leprosy  in 
the  kingdom  of,  144. 

*Oats,  A.  Stephen  Wilson  on  the  mea- 
sure and  value  of,  147. 

Ogilvie  (Dr.  G.)  on  the  adaptation  of 
the  structure  of  the  shell  of  the 
bird's  egg  to  the  function  of  respira- 
tion, 102. 

011f»,  volatile,  Sir  D.  Brewster  on  the 
motion  and  colours  upon  films  of,  8. 

,  T.  T.  1*.  Bnice  Warren  on  the 


electrical  leaistancea  of  fixed  and  to 
latile,  47. 

Oiseaux,  Charles  Martins  sur  line  comp.> 
raison  des  membres  pelvifstne  et  tho»- 
oiquee  chea  Thomme,  lee  mammifen?* 
les,  et  les  reptiles,  d^duite  de  la  tcc- 
sion  de  Thum^rus,  168. 

♦Oldham  (Dr.)  on  the  geology  of  India, 
72. 

♦Oldham  (James)  on  the  utilization  nr 
more  profitable  employment  of  ro&le 
convicts  144 

Old  Red  Sandstone,  0.  W.  Peach  on  fos- 
sil fishes  of  the,  of  Caithness  ani 
Sutherland,  79. 

Oliver  (Lieut.  S.  P.),  description  of  tvo 
routes  throuffh  Nicaragua,  127. 

•Opium,  Dr.  Collingwood  on  the  con- 
sumption of,  187. 

Orchar  (James  G.)  on  the  engineering 
manufacture  of  Dundeei  144. 

OrkneVi  notice  of  dredging  by  the  Iste 
H.  1".  C.  MoUer  off  Fair  Isle,  betwe*ii 
Shetland  and,  08. 

Ovules,  polliniferous,  Dr.  M.  T.  Masters 
on,  in  a  rose,  08. 

Ox,  Prof.  Oleland  on  the  epithelium  of 
tiie  cornea  of  the,  in  relation  to  tko 
growth  of  stratified  epithelium,  100. 

♦Oxalic  ether,  A.  K.  Catton  on  LoewiirV 
researches  on  the  action  of  sodium 
amalgam  on,  82. 

Pachitea,  Messrs.  Wallace  and  May ne  on 

a  Peruvion  expedition  up  the  rivers 

Ucayali  and.  131. 
♦Paddle-wheel,  Prof.  Macdonald  on  an 

improved,  166. 
Palestine,  Lieut.  Anderson  on  a  recon- 

noissance  of  some  portions  of,  made 

in  1865-60,  111. 
y  Cyril  Graham  on  exploration  iu, 

110. 


—  exploration  fimd.  Captain  C.  W. 
Wilson  on  the,  131.- 

♦ ,  Rev.  H.  B.  Tristram  on  the  dis- 
tricts of,  as  yet  imperfectly  explored. 
181. 

Paris  Exhibition,  John  Femie  on  the 
iron  and  steel  shown  at  the,  1&4. 

J  Ferdinand  Kohn  on  the  iron  and 

steel  at  the,  166. 

,  Mrs.  Lynn  Linton  on  the  ethno- 

granhy  of  the,  117. 

Pascal  and  Newton,  Sir  David  BrewMer 
on  the  alleged  correspondence  he- 
twecn,  1. 

,  T.  Archer  Hirst  on  the  allepred 

correspondence  between,  recently  com- 
municated to  the  l>ench  Academv,  ± 
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*Patent-fee»,  G.  B.  Qalloway  on  the  ap- 

Jlication  of  the  funds  derived  from. 
64 

*Pater8on  (William)  on  the  consump- 
tion of  fuel,  156. 

Peach  (C.  W.)  on  fossil  fishes  of  the 
Old  Bed  Sandstone  of  Caithness  and 
Sutherland^  with  notice  of  some  new 
to  those  counties,  72 ;  on  the  firucti- 
fication  of  Qriffithsia  corallina  found  in 
the  West  Voe,  Outskerries,  Shetland, 
96 ;  on  naked-eyed  medusee  found  at 
Peterhead  and  Wick  and  other  Bri- 
tish localites,  06, 

Pelagic  floating  animals,  Dr.  Colling- 
wood  on,  observed  at  sea,  81 . 

Pendle  range  of  hills,  E.  Hull  on  the 
structure  of  the,  as  illustrating  the 
south-easterly  attenuation  of  the  car- 
boniferous sedimentary  rocks  of  the 
north  of  England,  62. 

♦Perkins  (W.),  exploration  of  the  Grand 
Chaco  in  La  Plata^  with  an  account  of 
the  Indians,  127. 

Peru,  Prof.  A.  Baimondy  on  the  Wild 
Indians  inhabiting  uie  forests  of 
Iluanta,  129. 

Peterhead,  C.  W.  Peach  on  the  naked- 
eyed  medusffi  found  at,  96. 

♦Pliipson  (Dr.  L.  T.)  on  the  phenomena 
which  occur  when  magnetized  steel 
is  dissolved  in  acids^  14. 

Phosphatic  deposit^  J.  F.  Walker  on  a 
new,  78. 

♦Phosphorus,  Dr.  J.  Moffat  on  the  lumi- 
nosity of,  11. 

Photo^aphs,  enamel^  notice  by  Sir 
David  Brewster  respecting,  executed 
by  Mr.  M*Eaw,  8. 

Photography,  John  SpiUer  on  certain 
new  processes  in^  45. 

♦Photometer,  W.  Crookes  on  a  new 
polarizing,  82. 

Pim,  Captain  Bedford  on  the  mining 
district  of  Chontales,  Nicaragua,  12/. 

♦Plant  (John)  on  the  geolc^  and  fossils 
of  the  Lingula-fiags  at  Upper  Maw- 
ddach,  North  Wales,  72. 

Plant-acclimatization,  Dr.  W.  Lauder 
Lindsay  on,  in  Scotland^  with  especial 
reference  to  Tussac  grass,  88. 

Plantations,  Dr.  Grierson  on  the  de- 
struction of,  bv  a  species  of  vole,  82. 

Plants  (rare).  Prof.  Balfour  on  some, 
recently  collected  in  Scotland,  79. 

Poisons,  Dr.  MT[ntosh  on  experiments 
with,  on  young  salmon,  102. 

PoUi  (Dr.)  on  the  antiseptic  properties 
of  the  sulphites,  108. 

Polymorphism,  Dr.  W.  Lauder  Lindsay 


on,  in  the  fructification  of  lichens, 
89. 

Porter  (Henry  J.  Ker)  on  the  prevalence 
of  "Spedalske"  or  leprosy  in  the 
kingdom  of  Norway,  144. 

^Power  looms,  J.  K.  Uaird  on  an  iron 
camb  for,  158. 

Pratt  (J.  J.)  on  the  colony  of  New  Scot- 
land in  Southern  Africa,  128. 

Prehistoric  and  'Anthropological  Con- 
gress, Sir  K.  I.  Murchison,  Bart.;  on 
the,  126. 

Prisons,  Sir  John  Bowring  on  productive 
labour  in,  as  associated  with  the  re- 
formation of  criminals,  185. 

Protagon,  Dr.  Hughes  JBennett  on,  in 
relation  to  the  molecular  theory  of 
organization,  97. 

Puydt  (Lucien  de),  exploration  of  the 
isthmus  of  Darien^  with  a  view  to 
discovering  a  practical  line  for  a  ship 
canal,  128. 

Pyr^n^es,  C.  Martins  et  E.  CoUomb  sur 
Tancien  glacier  de  la  vailed  d'Argelte 
dans  les,  66. 

•Pyrenees,  P.  W.  Stuart  Menteath  on 
tertiary  and  posttertiary  action  in  the, 
70. 

•Quinine,  Wentworth  L.  Scott  on  the 
presence  of,  and  other  alkaloids  in  the 
animal  economy,  104. 

Bacines  a^rif^es.  Prof.  C.  Martins  sur 
les,  ou  vessies  natatoires,  la  synonymic 
etc.  de  quelques  espdces  aquatiques  du 
^enre  Jussisea,  168. 

Bamiondy  (Prof.  A.)  on  the  Wild  In- 
dians inhabiting  the  forests  of  Huanta, 
Peru,  129. 

Bain-gauges,  John  Thruston  on  the 
evaporatiou  from,  28. 

Bankme  (^Prof.  W.  J.  Macouom)  on  the 
approximate  drawing  of  circular  arcs 
of  given  len^hs,  5 ;  Address  as  Pre- 
sident of  the  Mechanical  Section,  149. 

and  J.  B.   Napier  on  the  use  of 

moveable  seats  for  slide-valves,  156. 

Beaping-machinery,  Bev.  P.  Bell  on, 

•Befraction,  double,  A.  R.  Catton  on 
the  theory  of,  10. 

•Benals  (E.)  on  arbitration  in  the  Not- 
tingham hosiery  manufacture,  145. 

Beptues,  Charles  Martins  sur  une  com- 
paraison  des  membres  pelviens  et 
thoraciques  chez  Thomme,  les  mam- 
miferes,  les  oiseaux,  et  les,  d^duite  de 
la  torsion  de  Thum^rus,  158. 

Bespiration,  Dr.  G.  Ogilvie  on  the  adap- 
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tation  of  the  structure  of  the  bird's 
egff  to  the  function  of,  102. 

•Richardson  (Dr.  W.  B.)  on  coagulation 
of  the  blood — a  con'ection  of  the  am- 
monia theory,  103;  on  some  effects 
produced  by  applying  extreme  cold  to 
certain  parts  oi  the  nervous  system^ 
103. 

•Robertson  (A.),  statistics  of  the  social 
condition  of  Dundee,  145. 

Robinson  (Dr.  G.)  on  certain  effects  of 
the  concentrated  solar  rays  upon  the- 
tissues  of  living  animals  immersed  in 
water,  103. 

•Rock-crystal,  A.  Claudet  on  photogra- 
phic portraits  obtained  by  single  lenses 
of,  10. 

•Rogers  (Prof.  J.  E.  T.)  on  the  funds 
available  for  developing  the  machinery 
of  education,  146. 

Roofis  and  bridges,  J.  Clerk  Maxwell  on 
the  theory  of  diagrams  of  forces  as 
applied  to,  156. 

Rose,  Dr.  M.  T.  Masters  on  polliniferous 
ovules  in  a,  03. 

Russell  (R.)  on  some  deductions  by  Dr. 
Tyndaill  from  his  recent  experiments 
regarding  the  radiant  and  absorptive 
properties  of  vapour  in  the  atmospnerc, 

Russian  America,  P.  N.  Compton  on  the 
coast  of,  114. 

St.  Andrews,  Dr.  Mcintosh  on  the  anne- 
lids of,  92 ;  on  the  invertebrate  marine 
fauna  and  fishes  of,  92. 

Salmon,  Dr.  M'Intosh  on  experiments 
with  poisons  &c.  on  young,  102. 

Sardinia,  Gordon  Davis  on  uie  calamine 
deposits  of,  5S. 

Schvarcz  (Dt,  Julius)  on  the  internal 
heat  of  the  earth,  73. 

Schenk  (R.)  and  J.  A.  Wanklyn  on  the 
synthesis  of  caproic  acid,  46. 

Schists,  D.  T.  Ansted  on  the  passage  of, 
into  granite  in  the  island  of  Corsica, 
54. 

Scinde,  Western,  exploration  of,  and 
Beloochistan  with  a  view  to  examin- 
ing the  subterranean  supply  of  water, 
1  Lo, 

Scotland,  Prof.  Balfour  on  some  rare 
plants  recently  collected  in,  79. 

• f  Rev.  W.  ir.  Cros^kev  on  the  re- 
lation of  the  Glacial  shell-beds  of  the 
Carse  of  Qowrie  to  those  of  the  west 
of,  58. 
,  A.  Geikie  on  the  progress  of  the 


geological  survey  of,  00. 

— ,  Prof.  Leone  I^evi  on  the  condition 


and  promss  of,  in  relation  to  Englaod 
and  Ireland,  140. 

Scotland,  Dr.  W.  Lauder  Lindsay  on  tb 
goldfields  of,  64;  on  plant-accliou- 
tization  in,  with  special  reference  to 
Tussac  fi^ass,  88. 

•Scott  (Went worth  L.)  on  the  bisul- 
phite of  calcium  as  a  preservatiTe  of 
animal  substances,  40 ;  on  the  artifidil 
production  of  oil  of  cinnamon,  40 ;  od 
the  presence  of  quinine  and  other  al- 
kaloids in  the  animal  economy,  101 

Sea,  Dr.  CoUingwood  on  pelagic  floating 
animals  observed  at,  81. 

Sea-cli£&,  old,  D.  Milne  Home  on  ti:e. 
and  submarine  banks  of  the  Frith  of 
Forth,  61. 

Sea-dust,  Trichodesmium  or,  Dr.  Col- 
lingwood  on,  81. 

Seal-nshing,  James  Yeaman  on,  as  mo- 
secuted  by  the  North-Sea  fleet  hiiling 
from  Dundee,  148. 

Sharpey  (Dr.  W.),  Address  as  President 
of  the  Biological  Section,  74. 

Shetland,  notice  of  dredging  by  the  htx 
H.  P.  C.  MoUer  off  Fairlsle  between 
Orkney  and,  93. 

,  C.  W.  Peach  on  the  fructification 

of  Griffithsia  corallina,  found  in  thf 
West  Voe,  Outakerries,  06. 

Shipbuilding,  Henry  Gourlay  on  the, 
at  Dundee,  137. 

•Ships'  boats,  George  Fawcus  on  the 
stowage  of,  154. 

Siemens  (C.  W.)  on  the  induction-sp»rk 
apparatus  for  illuminating  heacoJi^ 
and  buoys  used  in  the  first  experi- 
ments made  for  the  Northem  Lights 
Board,  14. 

Sinipson  (Dr.  Maxwell)  and  Dr.  A  G«o- 
tier  on  a  compound  formed  by  the 
direct  union  of  aldehyde  and  snhv- 
drous  prussic  acid,  40;  on  the  for- 
mation of  succinic  acid  from  chloride 
of  ethylidene,  42. 

Skiddaw  slates.  Dr.  H.  A.  Nicholson  on 
the  Graptolites  of  the,  71. 

Slide-valves,  J.  R.  Napier  and  Prof.  ^  • 
J.  M.  Rankine  on  the  use  of  move- 
able seats  for,  156. 

•Smith  (R.)  on  the  gaseous  products  of 
the  destructive  distillation  of  hydro- 
carbons obtained  from  shales  and  coeHf 
at  low  and  hi^h  temperatures,  43. 

Soap-bubble,  Sir  D,  Brewster  on  the 

colours  of  the,  6. 
•Sodium,  J.  A.  Wanklyn  on  the  action 
of,  on  valerianic  and  similar  ethers 
47. 

Solar  rays.  Dr.  G.  Robinson  on  ccrlAin 
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effe<;ts  of  the  concentrated,  upon  the 
tissues  of  living  animals  immeised  in 
water,  103. 

Spectroscope,  £.  Bay  Lankester's  obser- 
vations with  the,  on  animal  substances, 
101. 

Spectrum,  radiant,  Sir'D.  Brewster  on 
the,  a 

"  Spedalske''  or  lenrosy,  H.  J.  Ker  Por- 
ter on  the  prevalence  of,  in  the  king- 
dom of  Norway,  144. 

Spence  (Peter)  on  the  economization  of 
sulphurous  acid  in  copper-smelting, 
43. 

Spiller  (John)  on  the  preservation  of 
stone,  44;  on  certain  new  processes 
in  photographv,  45. 

Standards,  Warden  of  the,  reasons  why 
the  office  of,  should  include  standard 
weights  and  measures  of  the  metric 
system  in  addition  to  those  of  the  im- 
perial weights  and  measures,  147. 

Steam-boiler,  marine,  J.  LfOwis  on  an 
improved^  166. 

*  Steam  cultivation,  David  Greig  on,  156. 

Steel,  Dr.  J.  D.  Everett  on  the  results  of 
experiments  on  the  rigidity  of,  153. 

Steel  and  iron,  Ferdinand  Kohn  on  the, 
at  the  Paris  Exhibition,  155. 

,  John  Femie  on  the,  shown  at  the 
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servations kept  at  Inverness  and  Kingussie,  from  Nov.  1st,  1838  to  Nov.  1st,  1839; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Veriebrata ; — C.  J.  B.  Williams,  M.D., 
Report  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-Tubes ; — Rev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  B.  Sabine's 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  ELEVENTH  MEETING,  at  Plymouth, 
I84I,  Published  at  \Ss.  6d. 

Contents  : — Rev.  P.  Kelland,  on  the  Present  state  of  our  Theoretical  and  Experimental 
Knowledge  of  the  Laws  of  Conduction  of  Heat  ^— G.  L.  Roupell,  M.D.,  Report  on  Poisons; — 
T.  G.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Whewell; 
• — D.  Ross,  Report  on  the  Discussions  of  Leith  Tide  Observations,  under  the  direction  of  the 
Rev.  W.  Whewell ; — W.  S.  Harris,  upon  the  working  of  WheweH's  Anemometer  at  Plymouth 
during  the  past  year ; — Report  of  a  Committee  appointed  for  the  purpose  of  superintend- 
ing the  scientific  cooperation  of  the  British  Association  in  the  System  of  Simultaneous  Obser- 
vations in  Terrestrial  Magnetism  and  Meteorology ; — Reports  of  Committees  appointed  to  pro~ 
vide  Meteorological  Instruments  for  the  use  of  M.  Agassis  and  Mr.  M'Cord ;— Report  of  a  Com- 
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mitree  to  superintend  the  reduction  of  Meteorological  Observations ;— Report  of  a  C. 
mittee  for  revising  the  Nomenclature  of  the  Stars ; — Report  of  a  Committee  for  obtiiniDg  I 
struments  and  Registers  to  record  Shocks  and  Earthquakes  in  Scotland  and  Ireland;— Beyer. 
R  Committee  on  the  Preservation  of  Vegetative  Powers  in  Seeds  ; — Dr.  Uodgkin,  on  loqaitia 
Into  the  Races  of  Man ;— Report  of  the  Committee  appointed  to  report  how  far  the  De»i£a£i 
in  our  knovrlsdge  of  the  Condition  of  the  Upper  Strata  of  the  Atmosphere  may  be  sapplkcii 
means  of  Ascents  in  Balloons  or  othervrisci  to  ascertain  the  probable  expense  of  such  Expe- 
ments,  and  to  draw  up  Directions  for  Observers  in  such  circumstances  ; — R.  Oweo,  £17.*^. 
on  British  Fossil  Reptiles  ; — Reports  on  the  Determination  of  the  Mean  Value  of  R2il«! 
Constants  ;— D.  Lardner,  LL.D.,  Second  and  concluding  Report  on  the  DeterminatioitGt'i:^ 
Mean  Value  of  Railway  Constants; — £.  Woods,  Report  on  Railway  Constants ;— Report ^'> 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whewell's  Address,  and  Rcodoor- 
dations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWELFTH  MEETING,  at  Mancheter 
184*2,  Published  at  lOs.  6d. 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  BHu^i 
Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  ObservatioDi,- 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zedhdr 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth ;— S£c«- 
Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and  Vitality  oi  Sex-: 
— C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections  ; — Report  of  the  Coroaiitw 
for  the  Preservation  of  Animal  and  Vegetable  Substances  ; — Lyon  Playfair,  M.D.,  Abtnif 
of  Prof.  Liebig's  Report  on  Organic  Chemistry  applied  to  Physiology  and  Pathology-^ 
R.  Owen,  Report  on  the  British  Fossil  Mammalia,  Part  I.; — R.  Hunt,  Researches  on  t^- 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants; — L.  Agassiz,B£^ 
on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sandstone  ; — W.  Fairbairo,  Ap- 
pendix to  a  Report  on  the^Strength  and  other  Properties  of  Cast  Iron  obtained  from  the  Hu 
and  Cold  Blast  ;-^D.  Milne,  Report  of  the  Committee  for  Registering  Shocks  of  Earthqioi^ 
in  Great  Britain  ; — Report  of  a  Committee  en  the  construction  of  a  Constant  Indicaiof  ^• 
Steam- Engines,  and  for  the  determination  of  the  Velocity  of  the  Piston  of  the  Self-acdug  En- 
gine at  different  periods  of  the  Stroke  ;^J.  S.  Russell,  Report  of  a  Committee  on  the  Fono^ 
Ships  ; — Report  of  a  Committee  appointed  "to  consider  of  the  Rules  by  which  the  Nomen®' 
tare  of  Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  "—Report  ofa^<f<^ 
mittee  on  the  Vital  Statistics  of  large  Towns  in  Scotland ; — Provisional  Reports,  and  No- ' 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton'a  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTEENTH  MEETING,  at  Corl 
iSi^S,  Pttblisked at  \2s. 

Contents  :— Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  »hetbi^ 
fresh  or  salt,  clear  or  foul,  and  at  Various  Temperatures,  upon  Cast  Iron,  Wrought  Ir^n<  ^ 
Steel ; — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  Britiio  .^ 
sociatlon  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Obiervations  i--^-^ 
J.  F,  W.  Herscbel,  Bart.,  Report  of  the  Committee  appointed  for  the  Reduction  of  SIeteon> 
logicHl  Observations; — Report  of  the  Committee    appointed   for  Experiments  on  St^^ 
Engines; — Report  of  the  Committee  appointed  to  continue  their  Experiments  on  ^^^    Z?'''^' 
of  Seeds;— J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Fntb 
Forth  and  the  East  Coast  of  Scotland ;— J.  S.  Russell,  Notice  of  a  Report  of  the  Co"j|"'^:j; 
on  l!ie  Form  of  Ships; — J,  Blake,  Report  on  the  Physiological  Action  of  Medicines ;-^"^P^^^ 
of  the  Committee  on  Zoological  Nomenclature ; — Report  of  the  Committee  for  Rcg's^f^'-j- 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  app^*' 
them  desirable  ; — Report  of  the  Committee  for  conducting  Experiments  with  Captive  Ball<w|^' 
—Prof.  Wheatstone,  Appendix  to  the  Report ;— Report  of  the  Committee  for  the  TransW^, 
and  Publication  of  Foreign  Scientific  Memoirs ;— C.  W.  Peach,  on  the  HabiU  of  the  Ma"  ; 
Tcstacca; — E.  Forbes,  Report  on  the  Mollusca  and  Radiataof  the  ^gean  Sea,  and  ontntj' 
distribution,  considered  as  bearing  on  Geology; — L.  Agassis,  Synoptical  Table  of  Bni 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations; — lUOwen,  Repoi^^^"  .^ 
British  FoMil  Mammalia,  Part  II.;— E.  W.  Binney,  Report  on  the  excavation  made  at  ^^ 
'junction  of  Uie  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  CoUyhttrst;" 
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Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Itweriebrata ; — Provisional  Reports,  and 
Notices  of  Progress  in  Special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rossc's  Address,  and  Kecommen- 
dations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FOURTEENTH  MEETING,  at  York,  1844, 
PtMished  at  £1. 

Contents  : — W.  B.  Carpenter,  on  tlie  Microscopic  Structure  of  Shells ; — J.  Alder  and  A. 
Hancock,  Report  on  the  British  Nudibranchiate  Mollusca ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants; — Report  of  f^ 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
Stars  t — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada  ',*-J.  Blackwall,  Report 
on  some  recent  researches  into  the  Structure,  Functions,  and  Economy  of  the  Araneidea 
niade  in  Great  Britain ; — Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopes ; 
— 'Rev.  W.  y.  Harcourt,  Report  on  a  Gas-furnace  for  Experiments  on  Vitrifaction  and  other 
Applications  of  High  Heat  in  the  Laboratory ; — Report  of  the  Committee  for  Registering 
Earthquake  Shocks  in  Scotland; — Report  of  a  Committee  for  Experiments  on  Steam-Engines; 
— Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race  ; — Fourth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds; — W.  Fair* 
bairn,  on  the  Consumption  of  Fuel  and  the  Prevention  of  Smoke ;— F.  Ronalds,  Report  con« 
cerning  the  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Cooperation  of  the  British  Association  in  the  System  of  Simulta- 
neous Magnetical  and  Meteorological  Observations; — Prof.  Forchhammer  on  the  influence 
of  Focoidal  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  Scandinavian  Alum  Slate ; — H.  E.  Strickland,  Report  on 
the  recent  Progress  and  Present  Slate  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland ; — Prof.  Owen» 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  continent  of  large  Marsupial  Representatives  of  the  Order 
Pachydermata ; — W.  S.  Harris,  Report  on  the  working  of  Whewell  and  Osier's  Anemometers 
at  Plymouth,  for  the  years  1841,  1842,  1843  ; — W.  R.  Rirt,  Report  on  Atmospheric  Waves; 
— L.  Agassis,  Rapport  sur  les  Poissons  Fossiles  de  TArgile  de  Londres,  with  translation ; — ^J, 
S.  Russell,  Report  on  Waves ; — Provisional  Reports,  and  Notices  of  Progress  iu  Special  Re- 
searches entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 
1845,  Published  at  Us. 

Contents: — Seventh  Report  ot  a  Committee  appointed  to  conduct  the  Cooperation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observa« 
tions; — Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay  ; — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  Comet  of  1843 ; 
— R.  Hunt,  Report  on  the  Actinograph ; — Prof.  Schonbein,  on  Ozone ; — Prof.  Erman,  on 
tlie  Influence  of  Friction  upon  Thermo- Electricity ; — Baron  Senftenberg,  on  the  Self- 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg;— 
W.  R.  Birt,  Second  Report  on  Atmospheric  Waves ; — G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom ; — Prof.  Bunsen  and  Dr.  Playfair, 
Report  on  the  Gases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ; — Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan ; — 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Appendix,  &c. 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTEENTH  MEETING,  at  Southampton, 
IS^,  Published  at  16s. 

Contents: — G.  G.  Stokes,  Report  on  Recent  Researches   in   Hydrodynamics; — Sixth 
Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Dr.  Schunck,  on  the  Colouring  Matters  of 
Maidder; — J.  Blake,  on  the  Physiological  Action  of  Medicines; — R.  Hunt,  Report  on  the  Ac- 
tinograph ; — R.  Hunt,  Notices  on  the  Influence  of  Light  on  the  Growth  of  Plants ; — R.  L 
Ellis,  on  the  Recent  Progress  of  Analysis ; — Prof.  Forchhammer,  on  Comparative  Analytical 
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Researches  on  Sea  Water; — A.  Erman,  on  the  Calculation  of  the  Gaussian  Ctnututtsk 
1829; — G.  R.  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of!! 
Iron  Manufacture  in  Great  Britain  ; — W.  R.  Birr,  Third  Report  on  Atmospheric  Wates.^ 
Prof.  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton.^ 
J.  Phillips,  on  Anemoraetry; — J.  Percy,  M.D.y  Report  on  the  Crystalline  Flags; — Addetia 
to  Mr.  Birt's  Report  on  Atmospheric  Waves. 

Together  with  the  Transactions  of  the  Sections,  Sir  R.  I.  Murchison's  Address,  and  l^ 
commendations  of  the  Association  and  its  Committees, 

PROCEEDINGS  of  the  SEVENTEENTH  MEETING,  at  Oxford. 
im 9  Published  at  ISs. 

CONTRNTS : — Prof.  Langberg,  on  the  Specific  Gravity  of  Sulphuric  Acid  at  diifereDt  de- 
grees of  dilution,  and  on  the  relation  which  exists  between  the  Development  of  Heat  and  tU 
coincident  contraction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water ; — R.  Huai, 
Researches  on  the  Influence  of  the  Solar  Rays  on  the  Growth  of  Plants  ; — R.  Mallet,  m 
the  Facts  of  Earthquake  Phenomena ; — Prof.  Nilsson,  on  the  Primitive  Inhabitants  of  Soe- 
dinavia; — W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  and  Earthqaaku; 
—Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells ; — Rev.  W.  Whewell  iai 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  for  the  purpose  d 
completing  our  knowledge  of  the  Tides; — Dr.  Schunck,  on  Colouring  Matters  ;«-~Serenih  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds; — J.  Glynn,  on  the  Turbine  or  HorizoDol 
Water- Wheel  of  France  and  Germany; — Dr.  R.  G.  Latham,  on  the  present  state  and  recast 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methods  of  Resea.*d 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Sdesce  to 
other  branches  of  Knowledge ; — Dr.  C.  C.  J.  Bunsen,  on  the  results  of  the  recent  Egyptiafi 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Languages; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  as  exhibited  by  tb* 
Modern  Celtic  Dialects  still  extant; — Dr.  Max  Miiller,  on  the  Relation  of  the  Bengali  to  tlie 
Arian  and  Aboriginal  Languages  of  India; — W.  R.  Birt,  Fourth  Report  on  Atmospheric 
Waves ; — Prof.  W.  H.  Dove,  Temperature  Tables,  with  Introductory  Remarks  by  Lieoi.-C«l. 
E.  Sabine  ; — A.  Erman  and  H.  Petersen,  Third  Report  on  the  Calculation  of  the  Gaussian  C«q- 
stants  for  1829. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Harry  Inglis's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  EIGHTEENTH  MEETING,  at  Swausea, 
1 848,  Published  at  9s. 

Contents: — Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors; — 
J.  Glynn  on  Water<pressure  Engines ; — R.  A.  Smith,  on  the  Air  and  Water  of  Towns ; — Eighth 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds; — W.  R.  Birt,  Fifth  Report  on  At- 
mospheric Waves ; — E.  Schunck,  on  Colouring  Matters ; — J.  P.  Budd,  on  the  advantageous  Die 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Ystalyfera  Iron  Works; — R.  Hud^ 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Arid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations; — Prof.  H.  W.  Dove,  Supplement  to  the  Tem- 
perature Tables  printed  in  the  Report  of  the  British  Association  for  1 847  ; — Remarks  by  FtvS. 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  «b 
some  of  the  principal  Conclusions  in  regard  to  Climatology  deducible  from  them ;  with  an  in- 
troductory Notice  by  Lt.-CoI.  E.  Sabine ; — Dr.  Daubeny,  on  the  progress  of  the  inTestigation 
on  the  Influence  of  Carbonic  Acid  on  the  Growth  of  Ferns; — J.  Phillips,  Notice  of  further 
progress  in  Anemometrical  Researches  ;^Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary ;-^A.  Erman,  Second  Report  on  the  Gaussian  Constants; — Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetical  and 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Address, 
and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINETEENTH  MEETING,  at  BirmiDgham, 

1849,  Published  at  lOs. 

Contents  :— Kev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors  ;^-Earl 
of  Rosse,  Notice  of  Nebulae  lately  observed  in  the  Six-feet  Reflector; — Prof.  Daubeny,  on  the 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  especially  of  those  allied  to  the  Fos^l 
Remains  found  in  the  Coal  Formation  ; — Dr.  Andrews,  Report  on  the  Heat  of  Combination ; 
-—Report  of  the  Committee  en  the  Pegistration  of  llie  Periodic  Phenomena  of  Plants  and 
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Animals; — Ninth  Report  of  Committee  on  Experiments  on  the  Growtli  and  Vitality  of  Seeds ; 
— F.  Ronalds,  Report  concerning  the  Observatory  of  the  British  Association  at  Kew,  from 
Aug.  9, 1848  to  Sept.  12»  1849 ; — R.  Mallet,  Report  on  the  Experimental  Inquiry  on  Railway 
B.ir  Corrosion;— W.  R.  Birt,  Report  on  the  Discussion  of  the  Electrical  Observations  at  Kew. 
Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Address,  and 
Reconamendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  TWENTIETH  MEETING,  at  Edinburgh, 
1850,  Published  at  IBs. 

Contents: — "SL  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phenomena; — Rev.  Prof. 
Powell,  on   Obsenrations  of  Luminous  Meteors; — Dr.  T.  Williams,  on  the  Structure  and 
History  of  the  British  Annelida; — T.  C.  Hunt,  Results  of  Meteorological  Observations  taken 
at  St.  Michael's  from  the  1st  of  January,  1840  to  the  31st  of  December,  1849; — R.  Hunt,  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Action  of  the  Solar  Radiations; — Tenth 
Heport  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Major-Gen. 
Briggs,  Report  on  the  Aboriginal  Tribes  of  India ; — F.  Ronalds,  Report  concerning  the  Ob- 
servatory of  the  British  Association  at  Kew  ;— E.  Forbes,  Report  on  the  Investigation  of  British 
Marine  Zoology  by  means  of  the  Dredge ; — R.  MacAndrew,  Notes  on  the  Distribution  and 
Range  in  depth  o(  Mollusca  and  other  Marine  Animals,  observed  on  the  coasts  of  Spain,  Por- 
tugal, Barbary,  Malta,  and  Southern  Italy  in  1849; — Prof.  Allman,  on  the  Present  State  of 
our  Knowledge  of  the  Freshwater  Polyzoa ; — Registration  of  the  Periodical  Phenomena  of 
Plants  and  Animals ; — Suggestions  to  Astronomers  for  the  Observation  of  the  Total  Eclipse 
of  the  Sun  on  July  28,  1851. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FIRST  MEETING,  at  Ipswich, 

1851,  Published  at  ISs.  6d. 

Contents: — Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors ;— Eleventh  Re- 
port of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; — Dr.  J.  Drew,  on 
the  Climate  of  Soutliampton  ; — Dr.  R.  A.  Smith,  on  the  Air  and  Water  of  Towns  :  Action  of 
Porous  Strata,  Water  and  Organic  Matter ; — Report  of  the  Committee  appointed  to  consider 
the  probable  Effects  in  an  Economical  and  Physical  Point  of  View  of  the  Destruction  of  Tro- 
pical Forests ; — A.  Henfrey,  on  the  Reproduction  and  supposed  Existence  of  Sexual  Organs 
in  the  Higher  Cryptogamous  Plants ; — Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com- 
pounds;— Rev.  Dr.  Donaldson,  on  two  unsolved  Problems  in  Indo-German  Philology;-— 
Dr.  T.  Williams,  Report  on  the  British  Annelida; — R.  Mallet,  Second  Report  on  the  Facts  of 
Earthquake  Phenomena ; — Letter  from  Prof.  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  States ; — Col.  Sabine,  Report 
on  the  Kew  Magneto^raphs  ;— J.  Welsh,  Report  on  the  Performance  of  his  three  Magneto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory  ; — F.  Ronalds,  Report  concern- 
ing the  Observatory  of  the  British  Association  at  Kew,  from  September  12,  1850  to  July  31, 
1851  ; — Ordnance  Survey  of  Scotland. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  Published  at  I5s. 

Contents  : — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena; — Twelfth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Report  on  Observations  of  Luminous  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In- 
fluence of  the  Solar  Radiations  on  the  Vital  Powers  of  Plants ; — A  Manual  of  Ethnological 
Inquiry  ;— Col.  Sykes,  Mean  Temperature  of  the  Day,  and  Monthly  Fall  of  Rain  at  127  Sta- 
tions under  the  Bengal  Presidency  ; — Prof.  J.  D.  Forbes,  on  Experiments  on  the  Laws  of  the 
Conduction  of  Heat; — R.  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations ; — Dr.  Hodges, 
on  the  Composition  and  Economy  of  the  Flax  Plant ; — W.  Thompson,  on  the  Freshwater 
Fishes  of  Ulster; — W.  Thompson,  Supplementary  Report  on  the  Fauna  of  Ireland ; — W.  Wills, 
onthe  Meteorology  of  Birmingham; — J.  Thomson,  on  the  Vortex- Water- Wheel ; — J.  B.  Lawes 
and  Dr.  Gilbert,  on  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals. 

Together  with  the  Transactions  of  the  Sections,  Colonel  Sabine's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 
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PROCEEDINGS  of  the  TWENTY-THIRD  MEETING,  at  HuH 
1853,  Published  ai  lOs.  6(L 

Contents: — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  MeteoiSt  1B5S-43; 
•Barnes  Oldham,  on  the  Physical  Features  of  the  Humber ;— James  Oldham,  on  the  RUc, 
Progress,  and  Present  Position  of  Steam  Navigation  in  Hull, — Willisum  Fairbaira,  EsperU 
mental  Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  wbica 
lead  to  Explosion; — J.  J.  Sylvester,  Provisional  Report  on  the  Theory  of  Deter  minanU;— 
Professor  Hodges,  M.D.,  Report  on  the  Gases  evolved  in  Steeping  Flax,  and  on  the  Con]posc^a 
and  Economy  of  the  Flax  Plant; — Thirteenth  Report  of  Committee  on  Experiments  on  tbe 
Growth  and  Vitality  of  Seeds ; — Robert  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiatiqrt; 
— John  P.  Bell,  M.D.,  Observations  on  the  Character  and  Measurements  of  Degradation  of  the 
Yorkshire  Coast;  First  Report  of  Committee  on  the  Physical  Cliaracter  of  the  Moon's  Sir- 
face,  as  compared  with  that  of  the  Earth ; — R.  Mallet,  Provisional  Report  on  Earthqmke 
Wuve-TransiU;  and  on  Scismoroetrical  Instruments; — William  Fairbaini«  on  the  Ifcchanicai 
Properties  of  Metals  as  derived  from  repeated  Meltings,  exhibiting  the  mazimam  point  o' 
strength  and  the  causes  of  deterioration ; — Robert  Mallet,  Third  Report  on  tbe  Facts  of  Eartk- 
quake  Phenomena  (continued). 

Together  with  the  Transactions  of  the  Sections,  Mr.  Hopkins's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FOURTH  MEETING,  at  Litct. 
pool,  1854,  Published  at  ISs, 

Contents: — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena  (continned] : 
i— Major-Gencral  Chesney,  on  the  Construction  and  General  Use  of  Efficient  Life-Boats; — Rev. 
Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat ; — Coloae'. 
Sabine,  on  some  of  the  results  obuined  at  the  British  Colonial  Magnetic  Obsenmtories;— 
Colonel  Portlock,  Report  of  the  Committee  on  Earthquakes,  with  their  proceedings  respcctiag 
Seismometers; — Dr.  Gladstone,  on  the  influence  of  the  Solar  Radiations  on  the  Vital  Powcn 
of  Plants,  Part  2; — Rev.  Pro£  Powell,  Report  on  Observations  of  Luminous  Meteors,  1853-^4; 
—Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  Surface  ; — W.  0. 
Armstrong,  on  the  Application  of  Water-Pressure  Machinery  ;— J.  B.  Lawes  and  Dr.  Gilbert, 
on  the  Equivalency  of  SUrch  and  Sugar  in  Food ; — Archibald  Smith,  on  the  Deviations  of  the 
Compass  in  Wooden  and  Iron  Ships  ; — Fourteenth  Report  of  Committee  on  Experiments  on 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Transactions  of  the  Sections,  the  Earl  of  Ilarrowby's  Address,  and  Re- 
-commendadons  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FIFTH  MEETING,  at  Glaagow, 
lS55f  Published  at  I5s. 

Contents  :-— T.  Dobson,  Report  on  the  Relation  between  Explosions  in  Coal-Mines  and 
Revolving  Storms; — Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radiations  on  the  Vital  Powcn 
of  Plants  growing  under  different  Atmospheric  Conditions,  Part  3 ; — C.  Spence  Bate,  on  the 
British  Edriophthalma ; — J.  F.  Bateman,  on  the  present  state  of  our  knowledge  on  tlie  Sopplr 
of  Water  to  Towns; — Fifteenth  Report  of  Committee  on  Experiments  on  the  Growth  and 
Vitality  of  Seeds  ; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1854-55  ; 
— Report  of  Committee  appointed  to  inquire  into  the  best  means  of  ascertaining  those  pnn 
perties  of  Metals  and  efflects  of  various  modes  of  treating  them  which  are  of  importance  to  the 
durability  and  efficiency  of  Artillery ; — Rev.  Prof.  Henslow,  Report  on  Typical  Objects  in 
Natural  History; — A.  Follett  Osier,  Account  of  the  Self- Registering  Anemometer  and  Rain- 
Gauge  at  the  Liverpool  Observatory ; — Provisional  Reports. 

Together  with  the  Transactions  of  the  Sections,  the  Duke  of  ArgylKs  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SIXTH  MEETING,  at  Chel- 
tenham, 1856,  Published  at  ISs, 

Contents  : — Report  from  the  Committee  appointed  to  investigate  and  report  upon  the 
effects  produced  upon  the  Channels  of  the  Mersey  by  the  alterations  which  within  the  last 
fl()y  years  have  been  made  in  its  Banks; — J.  Thomson,  Interim  Report  on  progress  in  Re- 
searches on  the  Measurement  of  Water  by  Weir  Boards ; — Dredging  Report,  Frith  of  Clyde, 
1856; — Rev.  B.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1855-1856; — Prof. 
Bunsen  and  Dr.  H.  E.  Roscoe,  Photochemical  Researches ;— Rev.  James  Booth,  on  the  Trigo- 
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nometry  of  the  Parabola,  and  the  Geometrical  Origin  of  Logarithms ; — R.  MacAndrew,  Report 
on  the  Marine  Testaceous  Mollusca  of  the  North-east  Atlantic  and  Neighbouring  Seas,  and 
the  physical  conditions  affecting  their  development; — P.  P.  Carpenter,  Report  on  the  present 
state  of  our  knowledge  with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America  ;-^ 
T.  C.  Eyton,  Abstract  of  First  Report  on  the  Oyster  Beds  and  Oysters  of  the  British  Shores ; 
— ^Prof.  Phillips,  Report  on  Cleavage  and  Foliation  in  Rocks,  and  on  the  Theoretical  Expla- 
nations of  these  Phenomena :  Part  I.  ;-r-Dr.  T.  Wright  on  the  Stratigraphical  Distribution  of 
the  Oolitic  Echinodermata ; — W.  Fairbairn,  on  the  Tensile  Strength  of  Wrought  Iron  at  various 
Temperatures ; — C.  Alherton,  on  Mercantile  Steam  Transport  Economy ; — J.  S.  6owerbank,on 
the  Vital  Powers  of  the  Spongiad«; — Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stormontfield,  near  Perth,  for  the  artificial  propagation  of  Salmon ; — Provisional  Report  on 
the  Measurement  of  Ships  for  Tonnage ; — On  Typical  Forms  of  Minerals,  Plants  and  Animals 
for  Museums ; — J.  Thomson,  Interim  Report  on  Progress  in  Researches  on  the  Measure- 
ment of  Water  by  Weir  Boards; — R.  Mallet,  on  Observations  with  the  Seismometer ; — A* 
Cayley,  on  the  Progress  of  Theoretical  Dynamics ; — Report  of  a  Committee  appointed  to  con- 
sider the  formation  of  a  Catalogue  of  Philosophical  Memoirs. 

Together  with  the  Transactions  of  the  Sections,  Dr.  Daubeny'a  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees, 

PROCEEDINGS    of    the    TWENTY-SEVENTH    MEETING,  at 
Dublin,  1857,  Published  at  15$. 

Contents: — A.  Cayley,  Report  on  the  Recent  Progress  of  Theoretical  Djfnamics ;— Six- 
teenth and  final  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; 
— James  Oldham,  C.E.,  continuation  of  Report  on  Steam  Navigation  at  Hull;— Report  of  a 
Committee  on  the  Defects  of  the  present  methods  of  Measuring  and  Registering  the  Tonnage 
of  Shipping,  as  also  of  Marine  Engine-Power,  and  to  frame  more  perfect  niles,  in  order  that 
a  correct  and  uniform  principle  may  be  adopted  to  estimate  the  Actual  Carrying  Capabilities 
and  Working-Power  of  Steam  Ships; — Robert  Were  Fox,  Report  on  the  Temperature  of 
Bome  Deep  Mines  in  Cornwall ; — Dr.  G.  Plarr,  De  quelques  Transformations  de  la  Somme 

2'    -  #14.1   fi+i    ^1+1*  ^  ^tant  entier  n^gatif,  et  de  quelques  cas  dans  lesquela  cette  somme 

est  exprimable  par  une  combinaison  de  factorielles,  la  notation  a'l+i  d^ignant  le  produit  des 
/  facteurs  a  {a^\)  (a+2)  &c....(a-f-^^l);— G.Dickie,  M.D.,  Report  on  the  Marine  Zoology 
of  Strangford  Lough,  County  Down,  and  corresponding  part  of  the  Irish  Channel; — Charlfs 
Atherton,  Suggestions  for  Statistical  Inquiry  into  the  extent  to  which  Mercantile  Steam  Trans- 
port Economy  is  affected  by  the  Constructive  Type  of  Shipping,  as  respects  the  Proportions  of 
Length,  Breadth,  and  Depth ; — J.  S.  Bowerbank,  Further  Report  on  the  Vitality  of  the  Spon- 
giadae;— John  P.  Hodges,  M.D.,  on  Flax; — Major-General  Sabine,  Report  of  the  Committee 
on  the  Magnetic  Survey  of  Great  Britain; — Rev.  Baden  Powell,  Report  on  Observations  of 
Luminous  Meteors,  1856-57  ; — C.Vignoles,  C.E.,  on  the  Adaptation  of  Suspension  Bridges  to 
sustain  the  passage  of  Railway  Trains ;— Professor  W.  A.  Miller,  M.D.,  on  Electro-Chemistry; 
— John  Simpson,  R.N.,  Results  of  Thermometrical  Observations  made  at  the  *  Plover's ' 
Wintering-place,  Point  Barrow,  latitude  71°  21'  N.,  long.  156""  17'  W.,  in  1852-54;— Charles 
James  Hargreave,  LL.D.,  on  the  Algebraic  Couple  ;  and  on  the  Equivalents  of  Indeterminate 
Expressions; — Thomas  Grubb,  Report  on  the  Improvement  of  Telescope  and  Equatorial 
Mountings; — Professor  James  Buckman,  Report  on  the  Experimental  Plots  in  the  Botanical 
Garden  of  the  Royal  Agricultural  College  at  Cirencester ; — William  Fairbairn  on  the  Resistance 
of  Tubes  to  Collapse  ; — George  C  Hyndman,  Report  of  the  Proceedings  of  the  Belfast  Dredging 
Committee ; — Peter  W.  Barlow,  on  the  Mechanical  Effect  of  combining  Girders  and  Suspen- 
sion Chains,  and  a  Comparison  of  the  Weight  of  Metal  in  Ordinary  and  Suspension  Girders, 
to  produce  equal  deflections  with  a  given  load; — J.  Park  Harrison,  M.A.,  Evidences  of  Lunar 
Influence  on  Temperature  ;— -Report  on  the  Animal  and  Vegetable  Products  imported  into 
Liverpool  from  the  year  1851  to  1855  (inclusive) ; — Andrew  Henderson,  Report  on  the  Sta- 
tistics of  Life-boats  and  Fishing-boats  on  the  Coasts  of  the  United  Kingdom. 

Together  with  the  Transactions  of  the  Sections,  Rev.  H.  Lloyd's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-EIGHTH  MEETING,  at  Leeds, 
September  1858»  Published  at  20s. 

Contents  :— R.  Mallet,  Fourth  Report  upon  the  Facts  and  Theory  of  Earthquake  Plie- 
nomena ;— Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1857-58 ; — R.  H. 
Meade,  on  some  Points  in  the  Anatomy  of  the  Araneidea  or  true  Spiders,  especially  on  the 
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internil  structure  of  their  Spinning  Organs  ;-^W.  Fairbairn»  Report  of  the  Conninittee  oo  rU 
Patent  Laws;— S.  Eddy,  on  the  L?ad  Mining  Districts  of  Yorkshire  ;-— W.  Fairbairn,  on  tk 
Collapse  of  Glass  Globes  and  Cylinders ; — Dr.  B.  Perceval  Wright  and  Prof.  J.  Reay  Grem, 
Report  on  the  Marine  Fauna  of  the  South  and  West  Coasts  of  Ireland ; — Prof.  J.  Tbomsoo, « 
Experiments  on  the  Measurement  of  Water  by  Triangular  Notches  in  Weir  Boards  ;—M^dr- 
General  Sabine,  Report  of  the  Committee  on  the  Magnetic  Survey  of  Great  Britain ; — Micbjf- 
Connal  and  William  Keddie,  Report  on  Animal,  Vegetable,  and  Mineral  Sabstancea  import*, 
from  Foreign  Countries  into  the  Clyde  (including  the  Ports  of  Glasgow,  Greenock,  and  ?y 
Glasgow)  in  the  years  1853, 1854, 1855, 1856,  and  1857 ; — Report  of  the  Committee  on  SiJf- 
ping  Statistics; — Rev.  H.  Lloyd,  D.D.,  Notice  of  the  Instruments  employed  in  ibe  Uaf 
netic  Survey  of  Ireland,  with  some  of  the  Results ; — Prof.  J.  R.  Kinahan,  Report  of  Dolii.^ 
Dredging  Committee,  appointed  1857-58 ; — Prof.  J.  R.  Kinahan,  Report  on  Crustacea  of  Db^ 
lin  District; — Andrew  Henderson,  on  River  Steamers,  their  Form,  Construction,  and  Fitting 
with  reference  to  the  necessity  for  improving  the  present  means  of  Shallow* Water  NavigaLv; 
on  the  Rivers  of  British  India; — George  C.  Hyndman,  Report  of  the  Belfast  Dredging  Coa. 
mittee ;-— Appendix  to  Mr.  Vignoles's  paper  '*  On  the  Adaptation  of  Suspension  Bridges  tflSti<- 
tain  the  passage  of  Railway  Trains;" — Report  of  the  Joint  Committee  of  the  Royal  Sodeiy  v  i 
the  British  Association,  for  procuring  a  continuance  of  the  Magnetic  and  Meteorological  Ob- 
•ervatories  i-*R.  Beckley,  Description  of  a  Self-recording  Anemometer. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Owen's  Address,  and  Reoommei^* 
tioDS  of  the  AssodatioD  and  its  Committees. 

PROCEEDINGS  op  the  TWENTY-NINTH  MEETING,  at  Aberdees, 
September  1859,  Published  at  ISs. 

Contents  :— George  C.  Foster,  Preliminary  Report  on  the  Recent  Progress  and  Presnt 
State  of  Organic  Chemistry ; — Professor  Buckman,  Report  on  the  Growth  of  Plants  in  ttt 
Garden  of  the  Royal  Agricultural  College,  Cirencester; — Dr.  A.  Voelclier,  Report  on  Pick 
Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to  caltivared 
Crops ;— A.  Thomson,  Esq.  of  Banchory,  Report  on  the  Aberdeen  Industrial  Feeding  Schod»; 
— On  the  Upper  Silurians  of  Lesmahago,  Lanarkshire ;— Alphonse  Gages,  Report  on  the  Rr- 
suits  obtained  by  the  Mechanico-Cbemical  Examination  of  Rocks  and  Minerals  ; — Wiliiim 
Fairbairn,  Experiments  to  determine  the  Efficiency  of  Continuous  and  Self-acting  Breaks  ic 
Railway  Trains; — Professor  J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee  k- 
1858-59; — Rev.  Baden  Powell,  Report  on  Observations  of  Luminous  Meteors  for  1858-59; 
—Professor  Owen,  Report  on  a  Series  of  Skulls  of  various  Tribes  of  Mankind  inhabiting 
Nepal,  collected,  and  presented  to  the  British  Museum,  by  Bryan  H.  Hodgson,  Esq.,  tale  Re* 
sldent  in  Nepal,  8cc.  &c  ;— Messrs.  Maskelyne,  Iladow,  Hardwich,  and  Llewelyn,  Report  oe 
the  Present  State  of  our  Knowledge  regarding  the  Photographic  Image ; — G.  C  Hyndmu, 
Report  of  the  Belfast  Dredging  Committee  for  1859 ;— James  Oldham,  Continuation  of  Report 
of  the  Progress  of  Steam  Navigation  at  Hull; — Charles  Atherton,  Mercantile  Steam  Trans- 
port  Economy  as  affected  by  the  Consumption  of  Coals ; — Warren  de  la  Rue,  Report  on  \hi 
present  state  of  Celestial  Photography  in  England ; — Professor  Owen,  on  the  Orders  of  Foi.^1 
and  Recent  Reptilia,  and  their  Distribution  in  Time ; — Balfour  Stewart,  on  some  Result*  of  tb^r 
Magnetic  Survey  of  Scotland  in  the  years  1857  and  1858,  undertaken,  at  the  request  of  Hbt 
British  Association,  by  the  late  John  Welsh,  Esq.,  F.R.S. ; — W.  Fairbairn,  The  Patent  La««; 
Report  of  Committee  on  the  Patent  Laws; — J.  Park  Harrison,  Lunar  Influence  on  the  Tem- 
perature of  the  Air; — Balfour  Stewart,  an  Account  of  the  Construction  of  the  Self- record  log 
Magnetographs  at  present  in  operation  at  the  Kew  Observatory  of  the  British  Association ; — 
Prof.  H.  J.  Stephen  Smith,  Report  on  the  Theory  of  Numbers,  Part  I. ; — ^Report  of  the 
Committee  on  Steamship  performance ; — Report  of  the  Proceedings  of  the  Balloon  Committee 
of  the  British  Association  appointed  at  the  Meeting  at  Leeds ; — Prof.  William  K.  Sullivan, 
Preliminary  Report  on  the  Solubility  of  Salts  at  Temperatures  above  100®  Cent.,  and  on  the 
Mutual  Action  of  Salts  in  Solution. 

Together  with  the  Transactions  of  the  Sections,  Prince  Albert's  Address,  and  Recommends* 
tions  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTIETH  MEETING,  at  Oxford,  June 
and  July  1860,  Published  at  15s. 

Contents: — James  Gluisher,  Report  on  Observations  of  Luminous  Meteors,  1859<-60, — 
J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee ; — Rev.  J.  Anderson,  Report  on 
the  Excavations  in  Dura  Den ; — Professor  Buckman,  Report  on  the  Experimental  Plots  in  the 
Botanical  Garden  of  the  Royal  Agricultural  College,  Cirencester ;— Rev.  R.  Walker,  Report  of 
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the.  Committee  on  Balloon  Ascents; — Prof.  W.  Thomson,  Report  of  Committee  appointed  (o 
prepare  a  Self-recording  Atmospheric  Electrometer  for  Kevr,  and  Portable  Apparatus  for  ob- 
serving Atmospheric  Electricity  ; — William  Fairbairn,  Experiments  to  determine  the  Effect  of 
Vibriicory  Action  and  long-continued  Changes  of  Load  upon  Wrought-iron  Girders ; — R.  P. 
Greg,  Catalogue  of  Meteorites  and  Fireballs,  from  a.d.  2  to  a.d.  1860  ; — Prof.  U.J.  S.  Smith, 
Report  on  the  Theory  of  Numbers,  Part  II.; — Vice-Admiral  Moorsom,  on  the  Performance  of 
Steam- vessels,  the  Functions  of  the  Screw,  and  the  Relations  of  iu  Diameter  and  Pitch  to  the 
Form  of  the  Vessel; — Rev.  W.  V.  Harcourt,  Report  on  the  EffecU  of  long.continued  Heat, 
illustrative  of  Geological  Phenomena ; — Second  Report  of  the  Committee  on  Steamship  Per- 
formance ; — Interim  Report  on  the  Gauging  of  Water  by  Triangular  Notches  ; — List  of  the 
British  Marine  Invertebrate  Fauna. 

Together  with  the  Transactions  of  the  Sections,  Lord  Wrottesley's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-FIRST  MEETING,  at  MaDches- 
ter,  September  1861»  Published  at  £1. 

Contents  : — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors ; — Dr.  E. 
Smith,  Report  ou  the  Action  of  Prison  Diet  and  Discipline  on  the  Bodily  Functions  of  Pri- 
soners, Part  I. ; — Charles  Atherton,  on  Freight  as  affected  by  Differences  in  the  Dynamic 
Properties  of  Steamships ; — Warren  De  la  Rue,  Report  on  the  Progress  of  Celestial  Photo- 
graphy since  the  Aberdeen  Meeting; — B.  Stewart,  on  the  Theory  of  Exchanges,  and  its  re- 
cent extension ; — Drs.  E.  Schunck,  R.  Angus  Smith,  and  H.  E.  Roscoe,  on  the  Recent  Pro- 
gress and  Present  Condition  of  Manufacturing  Chemistry  in  the  South  Lancashire  District  ;— 
Dr.  J.  Hunt,  on  Ethno-Climatology ;  or,  the  Acclimatization  of  Man  ;~-Prof.  J.Thomson,  on 
Experiments  on  the  Gauging  of  Water  by  Triangular  Notches ; — Dr.  A.  Voelcker,  Report  on 
Field  Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to 
cultivated  Crops ; — Prof.  H.  Hennessy,  Provi»ional  Report  on  the  Present  State  of  our  Know- 
ledge respecting  the  Transmission  of  Sound-signals  during  Fogs  at  Sea; — Dr.  P.  L.  Sclater 
and  F.  von  Hochstetter,  Report  on  the  Present  State  of  our  Knowledge  of  the  Birds  of  the 
Genus  Apteryx  living  iu  New  Zealand ; — J.  G.  Jeffreys,  Report  of  the  Results  of  Deep-sea 
Dredging  in  Zetland,  with  a  Notice  of  several  Species  of  MoUusca  new  to  Science  or  to  the 
British  Isles ; — Prof.  J.  Phillips,  Contributions  to  a  Report  on  the  Physical  Aspect  of  the 
Moon ; — W.  R.  Birt,  Contribution  to  a  Report  on  the  Physical  Aspect  of  the  Moon ; — Dr. 
Collingwood  and  Mr.  Byerley,  Preliminary  Report  of  the  Dredging  Committee  of  the  Mersey 
and  Dee ; — Third  Report  of  the  Committee  on  Steamship  Performance ; — J.  G.  Jeffreys, 
Preliminary  Report  on  the  Best  Mode  of  preventing  the  Ravages  of  Teredo  and  other  Animals 
in  our  Ships  and  Harbours ; — R.  Mallet,  Report  on  the  Experiments  made  at  Holyhead  to 
ascertain  the  Transit-Velocity  of  Waves,  analogous  to  Earthquake  Waves,  through  the  local 
Rock  Formations ; — T.  Dobson,  on  the  Explosions  in  British  Coal-Mines  during  the  year  1859; 
— -J.  Oldham,  Continuation  of  Report  on  Steam  Navigation  at  Hull ; — Professor  G.  Dickie, 
Brief  Summary  of  a  Report  on  the  Flora  of  the  North  of  Ireland ; — Professor  Owen,  on  the 
Psychical  and  Physical  Characters  of  the  Mincopies,  or  Natives  of  the  Andaman  Islands,  and 
on  the  Relations  thereby  indicated  to  other  Races  of  Mankind ; — Colonel  Sykes,  Report  of  the 
Balloon  Committee ; — Major-General  Sabine,  Report  on  the  Repetition  of  the  Magnetic  Sur- 
vey of  England ; — Interim  Report  of  the  Committee  fur  Dredging  on  the  North  and  East 
Coasts  of  Scotland  ; — W.  Fairbairn,  on  the  Resistance  of  Iron  Plates  to  Statical  Pressure  and 
the  Force  of  Impact  by  Projectiles  at  High  Velocities ; — W.  Fairbairn,  Continuation  of  Report 
to  determine  the  effect  of  Vibratory  Actmn  and  long-continued  Changes  of  Load  upon 
Wrought-Iron  Girders ; — Report  of  the  Committee  on  the  Law  of  Patents ; — Prof.  H.  J.  S. 
Smith,  Report  on  the  Theory  of  Numbers,  Part  III. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Fairbairn's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-SECOND  MEETING,  at  Cam- 
bridge, October  1862,  Published  at  £1. 

CoNTBNTs : — James  Glaisher,  Report  on  Obserrations  of  Luminoas  Meteors,  1861-62; — 
G.  B.  Airy,  on  the  Strains  in  the  Interior  of  Beams ; — Archibald  Smith  and  F.  J.  Evans, 
Report  ou  the  three  Reports  of  the  Liverpool  Compass  Committee ; — Report  on  Tidal  Ob- 
servations on  the  Humber  ;~T.  Aston,  on  Rifled  Guns  and  Projectiles  adapted  for  Attacking 
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Armour-plate  Defences; — Extracts,  relating:  to  the  Observfttory  at  Kew,  from  s  Kepoiri 
presented  to  the  Portuguese  Government,  by  Dr.  J.  A.  de  Soaza; — H.  T.  MenaeU,  R^p^iit 
on  the  Dredging  of  the  Northumberland  Coabt  and  Dogger  Bank ; — Dr.  Cuthbert  ColliDg- 
wood,  Report  uprm  the  best  means  of  advancing  Science  through  the  agency  of  the  Mercaa- 
tile  Marine; — Messrs.  WiUiamson,  Wheatstone,  Thomson,  Miller,  Matthiesaeiiy  and  Jenkia. 
Provisional  Report  on  Standards  of  Electrical  Resistance ; — Preliminary  Report  of  tbeCoio- 
raittee  for  investigating  the  Chemical  and  Mineralogical  Composition  of  the  Granitet  of  Do- 
nrgal ; — Prof.  H.  Hennessy,  on  the  Vertical  Movemenu  of  the  Atmosphere  cooaadered  ia 
connexion  with  Storms  and  Changes  of  Weather; — Report  of  Committee  on  the  appUcatM» 
of  f  lauss's  General  Theory  of  Terrestrial  Magnetism  to  the  Magnetic  Variations : — Fleemisg 
Jenkin,  on  Thermo-electric  Currents  in  Circuits  of  one  Metal; — W.  Fairbaira,  on  the  Me- 
chanical Propprliea  of  Iron  Projectiles  at  High  Velocities; — A.  Cayley,  Report  on  the  Pro- 
gress of  the  Solution  of  certain  Special  Problems  of  Dynamics ; — Prof.  G.  6.  Stokes,  Report 
on  Double  Refraction  ; — Fourth  Report  of  the  Committee  on  Steamship  Perforroanoe ; — 
G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1860  and  1861 ; — J.  Ball,  onTher- 
mometric  Observations  in  the  Alps  ; — J.  G.  Jeffreys,  Report  of  the  Committee  for  Dredging 
on  the  N.  and  E.  Coasts  of  Scotland ; — Report  of  the  Committee  on  Technical  and  Sdcntific 
Evidence  in  Courts  of  I^aw ; — James  Glaisher,  Account  of  Eight  Balloon  Ascents  in  1862;— 
Prof.  H.  J.  S.  Smith,  Report  on  the  Theory  of  Numbers,  Part  i  V. 

Together  ^ith  the  Transactions  of  the  Sections,  the  Rev.  Prof.  R.  Willis's  Address,  aad 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTY-THIRD  MEETING,  at  New- 
castle-upon-Tyne,  August  and  September  1863,  Published  at  £1  5s, 

Contents  : — Report  of  the  Committee  on  the  Application  of  Gon-cotton  to  Warlike  For- 
pnsos; — A.  Matthiessen,  Rc))ort  on  the  Chemical  Nature  of  Allocs; — Report  of  the  Cora- 
niittf'e  on  the  Chemical  and  Mineralogical  Constitution  of  the  Granites  of  Donein^l,  and  of 
Ihe  Rocks  associated  with  them; — J.  G.  JeflTreys,  Report  of  the  Committee  appointed  for 
Ex])loring  the  Coasts  of  Shetland  by  means  of  the  Dredge ; — G.  D.  Gibb,  Report  on  the 
Physiological  Effects  of  the  Bromide  of  Ammonium  ; — C.  K.  Aken,  on  the  Transmutation  of 
Spectral  Rays,  Part  I. : — Dr.  Robinson,  Report  of  the  Committee  on  Fog  Signals; — Report 
of  the  Committee  on  Standards  of  Electrical  Resistance ; — E.  Smith,  Abstract  of  Report  by 
the  Indian  Government  on  the  Foods  used  by  the  Free  and  Jail  Populations  in  India ; — A. 
Gages,  Synthetical  Researches  on  the  Formation  of  Minerals,  &c. ; — R.  Mallet,  Preliminaiy 
Report  on  the  Experimental  Determination  of  the  Temperatures  of  Volcanic  Foci,  and  of  the 
Temperature,  State  of  Saturation,  and  Velocity  of  the  issuing  Gases  and  Vapours  ; — Rejiort 
of  the  Cammittee  on  Obser^'ations  of  Luminous  Meteors; — Fifth  Report  of  the  Committee 
on  Steamship  Performance;  G.  J.  AUman,  Report  on  the  Present  State  of  our  Knowledge 
of  the  Reproductive  S>stcm  in  the  Hydroida; — J.  Glaisher,  Account  of  Five  Balloon  Ascenu 
made  in  18G3; —  P.  P.  Carpenter,  Supplementary  Report  on  the  Present  State  of  our  Know- 
ledge  with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America; — Proft ssor  Airy, 
Report  on  Steam-boiler  Ex|)lo»ions; — C.  W.  Siemens,  Observations  on  the  Electrical  Resist- 
ance and  Electrification  of  some  Insulating  Materials  under  Pressures  up  to  300  Armo- 
spheres ; — C.  M.  Palmer,  on  the  Construction  of  Iron  Ships  and  the  Progress  of  Iron  Ship- 
building on  the  Tyne,  Wear,  and  Tees;^ — ^Messrs.  Richardson,  Stevenson,  and  Claphani,  on 
the  Chemical  Manufactures  of  the  Northern  Districts; — Messrs.  Sopwith  and  Richardson, 
on  the  Local  Manufacture  of  Lead,  Copper,  Zinc,  Antimony,  &c. ; — Messrs.  DagUsh  and 
Forster,  on  the  Magnesian  Limestone  of  Durham  ;— I.  L.  Bell,  on  the  Manufacture  of  Iron 
in  connexion  with  the  Northumberland  and  Durham  Coal-field  ;—T.  Spencer,  on  the  Manu- 
facture of  Steel  in  the  Northern  District ; — H.  J.  S.  Smith,  Report  on  the  Theory  of  Num- 
bers, Part  V. 

Together  with  the  Transactions  of  the  Sections,  Sir  William  Armstrong's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-FOURTH  MEETING,  at  Batb, 
September  I8(i4.     Published  dX  18*. 

Contents  : — Report  of  the  Committee  for  Observations  of  Luminous  Meteors ; — Report 
of  the  Committee  on  the  best  means  of  provhling  for  a  Uniformity  of  Weights  and  Mea- 
sures ; — T.  S.  Cobbold,  Report  of  Experiments  respecting  the  Development  and  Migration 
«^f  the  Entozoa ; — B.  W.  Richardson,  Report  on  tli£  Physiological  Action  of  Nitrite  of  Amyl; 
~J.  Oldham,  Report  of  the  Committee  on  Tidal  Observations ; — G.  S.  Brady,  Report  on 
deep-sea  Dredging  on  the  Coasts  of  Northumberland  und  Durham  in  1864 ;-— J.  Glaisher, 
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Account  of  Nine  Balloon  Ascents  made  in  1863  and  1864 ; — J.  G.  Jeffreys,  Further  Report 
on  Shetland  Dredgings; — Report  of  the  Committee  on  the  Distribution  of  the  Organic 
Remains  of  the  North  Staffordshire  Coal-field ; — Report  of  the  Committee  on  Standards  of 
Electrical  Resistance; — G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1862  and 
1863 ; — W.  Pairbairn,  Preliminary  Investigation  of  the  Mechanical  Properties  of  the  pro- 
posed Atlantic  Cable. 

Together  with  the  Transactions  of  the  Sections,  Sir  Charles  Lyell's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTY-FIFTH  MEETING,  at  Birming- 
ham,  September  1865,  Published  al  £l  5s. 

Contents  : — J.  G.  Jeflfreys,  Report  on  Dredging  among  the  Channel  Isles ; — F.  Buckland, 
Report  on  the  Cultivation  of  Oysters  by  Natural  and  Artificial  Methods  ; — Report  of  the 
Committee  for  exploring  Kent's  Cavern; — Report  of  the  Committee  on  Zoological  Nomen- 
clature ; — Report  on  the  Distribution  of  the  Organic  Remains  of  the  North  Staffordshire 
Coal-field ; — Report  on  the  Marine  Kauna  and  Flora  of  the  South  Coast  of  Devon  and  Corn- 
wall ; — Interim  Report  on  the  Resistance  of  Water  to  Floating  and  Immersed  Bodies ; — Re- 
port on  Observations  of  Luminous  Meteors ;~ Report  on  Dredging  on  the  Coast  of  Aberdeen- 
shire;— J.  Glaisher,  Account  of  Three  Ualloon  Ascents  ; — Interim  Report  on  the  Transmis- 
sion of  Sound  under  Water ; — G.  J.  Symons,  on  the  Rainfall  of  the  British  Isles ; — W.  Fair- 
bairn,  on  the  Strength  of  Materials  considered  in  relation  to  the  Construction  of  Iron  Ships  ; 
— Report  of  the  Gun-Cotton  Committee ; — A.  F.  Osier,  on  the  Horary  and  Diurnal  Variations 
in  the  Direction  and  Motion  of  the  Air  at  Wrottesley,  Liverpool,  and  Birmingham  ; — B.  W. 
Richardson,  Second  Report  on  the  Physiological  Action  of  certain  of  the  Aniyl  Coinpounds ; 
— Report  on  further  Researches  in  the  Lingula-fiags  of  South  Wales ; — Report  of  the  Lunar 
Committee  for  Mapping  the  Surface  of  the  Moon  ; — Report  on  Standards  of  Electrical  Re- 
sistance;— Report  of  the  Committee  appointed  to  communicate  v^ith  the  Russian  Govern- 
ment respecting  Magnetical  Observations  at  Tiflis ; — Appendix  to  Report  on  the  Distribution 
of  the  Vertebrate  Remains  from  the  North  Staffordshire  Codl-field; — H.  Woodward,  First 
Report  on  the  Structure  and  Classification  of  the  Fossil  Crustacea ; — H.  J.  S.  Smith,  Report 
on  the  Theory  of  N ambers.  Part  VI. ; — Report  on  the  best  means  of  providing  for  a  Unifor- 
mity of  Weights  and  Measures,  with  reference  to  the  interests  of  Science ; — A.  G.  Findlay, 
on  the  Bed  of  the  Ocean; — Professor  A.  W.  Williamson,  on  the  Composition  of  Gases 
evolved  by  the  Bath  Spring  called  King's  Bath. 

Together  with  the  Transactions  of  the  Sections,  Professor  Phillips's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PEOCEEDINGS  or  the  THIETY-SIXTH  MEETING,  at  Notting- 
ham, August  1866,  Published  at  £1  4«. 

Contents: — Second  Report  on  Kent's  Cavern,  Devonshire ; — A.  Matthiessen,  Preliminary 
Report  on  the  Chemical  Nature  of  Cast  Iron ; — Report  on  Observations  of  Luminous  Meteors ; 
— W.  S.  Mitchell,  Report  on  the  Alum  Bay  Leaf-bed; — Report  on  the  Resistance  of  W^ater 
to  Floating  and  Immersed  Bodies; — Dr.  Norris,  Report  on  Muscular  Irritability;— Dr. 
Richardson,  Report  on  the  Physiological  Action  of  certa.n  compounds  of  Amyl  and  Ethyl ; — 
H.  Woodward,  Second  Report  on  the  Structure  and^Classification  of  the  Fossil  Crustacea ; — 
Second  Report  on  the  **  Menevian  Group,"  and  the  other  Formations  at  St.  David's,  Pem- 
brokeshire;— J.G.  Jeffreys,  Report  on  Dredging  among  the  Hebrides; — Rev.  A.  M.  Norman, 
Report  on  the  Coasts  of  the  Hebrides,  Part  II. ; — J.  Alder,  Notices  of  some  Invertebrata,  in 
connexion  with  Mr.  Jefifreys's  Report ; — G.  S.  Brady,  Report  on  the  Oatracoda  dredged 
amongst  the  Hebrides; — Report  on  Dredy;ing  in  the  Moray  Firth; — Report  on  the  Transmis- 
sion of  Sound-Signals  under  Water ; — Report  of  the  Lunar  Committee ; — Report  of  the 
Rainfall  Committee ; — Report  on  the  best  means  of  providing  for  a  Uniformity  of  Weights 
and  Measures,  with  reference  to  the  Interests  of  Science ; — J.  Glaisher,  Account  of  Three  Bal- 
loon Ascents ;— Report  on  the  Extinct  Birds  of  the  Mascarene  Islands  ;~Report  on  the  pene- 
tration of  Iron-clad  Ships  by  Steel  Shot; — J.  A  Wanklyn,  Report  on  Isomerism  among  the 
Alcohols ;— Report  on  Scientific  Evidence  in  Courts  of  Law ; — A.  L.  Adams,  Second  Report 
on  Maltese  Fossiliferous  Caves,  &c. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Grove's  Address,  and  Recommendations 
of  the  Association  and  its  Committees, 
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Abbatt,  Richard^  F.R.A.S.    Marlborough-housC;  Woodbeny  Bown^ 

Stoke  Newing^n^  London^  N. 
1866.  ^Abbott  George  J.;  Umted  States  Consul^  Sheffield  and  Nottingham. 
1863.  •Abe^  Frederick  Augustus,  F.R.S.,  F.C.S.,  Director  of  the  Chemical 
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B 


LIST  OF  MEMBERS. 


7earof 

BleotioD. 
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Airy,  Q^onje  Biddell,  M.A.,  D.C.L.,  F.R.S.,  F.R,A.S.,  Astronomer 
Royal.    The  Royal  Observatory,  Greenwich. 
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London,  W. 
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*     Alexander,  James, 
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1862.  {Allan,  James,  M. A.,  Ph.D.    School  of  Practical  Science,  Sheffield. 

1860.  {Allan,  Robert.    29  York-street.  Edinburgh. 

Allan,  William.    22  Carlton-place,  Glasgow. 

1846.  {Allen,  John  Mead.    Orchard-place,  Southampton. 

1861.  {Allen,  Richard.     Didsbury,  near  Manchester. 

Allen,  William.    50  Henry-street,  Dublin. 

1852.  *Allen,  William  J.  C,  Secretary  to  the  Royal  Bel&st  Academical 

Institution.    Ulster  Bank,  Belfast. 

1863.  {Allhusen,  C.    Elswick  Hall,  Newcastle-on-Tyne. 
•AUis,  Thomas,  F.L.S.    Osbaldwick  HaU,  near  York. 

•Allman,  George  J.,  M.D.^  F.R.S.  L.  &  E.,  M.R.LA.,  Regius  Professor 
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1066.  {Allsopp,  Alexander.    The  Park,  Nottingham. 
1844  •Ambler,  Henry.    Watkinson  Hall,  Ovenden,  near  Halifax. 

•Amery,  John,  F.S.A.    Manor  House,  Eckington,  Worcestershire. 
1855.  {Anderson,  Alexander  D.,  M.D.     159  St.  Vincent-street,  Edinburgh. 
1855.  {Anderson,  Andrew.    2  Woodside-crescent,  Glasgow. 
1850.  {Anderson,  Charles  William.    Cleadon,  South  Smelds. 
1852.  t  Anderson^  Sir  James.    Glasgow. 
1855:  {Anderson,  James.    46  Abbotsford-place,  Glasgow. 
1855.  {Anderson,  James.    Springfield  Blantyre,  Glasgow. 

Anderson,  James,  A. 
1850.  {Anderson,  John.    81  St  Bemard's-crescent,  Edinburgh. 
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1850.  t  Anderson,  John,  D.D.    Newburgh,  Fifeshire. 

1859.  |Ander8on,  Patrick.    16  King-street,  Dundee. 

i860.  {Anderson,  Thomas,  M.D.,  Professor  of  Chemistry  in  the  Uliitersiiy  of 
Glasgow. 

1863.  •Anderson,  William  (Yr.).    Glentarkie,  Strathmiglo,  Fife. 

1860.  :(Ander8on,  W.,  M.A.    1  Blacket-place,  Edinburgh. 

1861.  tAndrew,  Jonah, 

•Andrews,  Thomas,  M.D.,  F.R.S.,  M.R.LA.,  Vice-President  of,  and 
Professor  of  Chemistry  in>  Queen's  College,  Belfast. 
1867*  {Andrews,  William.    The  Hill,  Monkstown,  Co.  Dublin. 
1869.  {Angus,  John,    Town  House.  Aberdeen. 

•Ansted,  David  Thomas,   M.A.,  F.R.S.,  F.L.S.,  F.G.S.,  F.11.G.S.; 
F.S.A.     33  Brunswick-square,  London,  W.C.|  and  Impington 
Hall,  Cambridge. 
1857.  {Anster,  John,  LL.D.    5  Lower  Gloucester-street,  Dublin. 
Anthony,  John,  M.D.    Caius  College^  Cambridge. 
Apjohn,  James,  M.D.,  F.R.S.,  M.K.I. A.,  Professor  of  Chemistry; 
Tnnity  College,  Dublin.    32  Lower  Bagot-street,  Dublin. 
1869,  XArbuthfwt,  C.  T. 

1860.  tArbuthnot,  Sir  BobeH  Keith,  Bart, 

1861.  t  Arcedeckne,  Andrew.     1  Grosvenor-square,  London,  W. 

1864.  X^^^i^}  Francis, 

1856.  ♦Archer,  Professor  Thomas  C,  F.R.S.E.,  Director  of  the  Industrial 
Museum.     9  Argyll-place.  Edinburgh. 

1851.  {Argyll,  The  Duke  of,  K.T.,  LL.D.,  F.R.S.  L.  &  E.,  F.G.S.    ArgyU 

Lodge.  Kensington,  London ;  and  Inverary,  Argyllshire. 

1866.  {Armitage,  J.  W.,  MJ).    9  Huntriss-row,  Scarbioroupi. 

1861.  §Armitage,  William.     7  Meal-street,  Mosley-street,  Manchester. 

1867.  *Armitstead,  George.     Errol  Park,  Dundee. 

Armstrong,  Thomas.    Higher  Broughton,  Manchester. 

1867.  •Armstronff,SirWilliamGeorge,C.B^LL.D.,F.R.S.   8  Great  George- 

street,   London,  S.W. ;   and  Elswick  Works,  Newcastle-on- 
Tyne. 
1866.  {Armstrong,  William  Jones,  M.A.  Mount  Irwin,  Tynna,  Co.  Armagh. 
Amott,  Georpe  A.  Walker,  LL.D.,  F.R,S.E.,  r.L.S^  Professor  of 

Botany  m  the  University  of  Glasgow,     Arlary,  Kinross-shire. 
Amott,  Neu,  M.D.,  F.R.S.,  F.G.S.    2  Cumberland-terrace,  Regent's 
Park,  London. 
1864.  §Arrow8mith,  John.    85  Hereford-square^  South.  Kensington,  Lon- 

don.S.W. 
.863.  •Arthur,  Kev.  William,  M.A.    Glendun,  East  Acton,  London,  W. 

.  Ashhurst,  Thomas  Henry,  D.O.L.     All  Souls'  College,  Oxford. 
1842.  ♦Ashtdn,  Thomas,  M.D.     81  Moslev-street,  Manchester. 

Ashton,  Thomas.    Ford  Bank,  Didsbury,  Manchester. 
1866.  {Ashwell,  Henry.     Mount-street,  New  Basford,  Nottingham. 
•Ashworth,  Edmund.    Egerton  Hall,  Turton,  near  Bolton. 
AshWorth,  Henry.    Turton,  near  Bolton. 
1845.  {Ashworth,  Rev.  J.  A.    Dudcote,  Abingdon. 
1861.  JAspland,  Alfred.    Dukinfield,  Ashton-under-Lyne. 
Aspland,  Algernon  Sydney.    Saury,  Windermere. 
Aspland,  Rev.  R.  Brook,  M. A.    1  "Frampton  Villas,  South  Hackney, 
London. 
1861.  §Asquith,  J.  R.    Infirmary-street.  Leeds. 
1861.  {Aston,  Thomas.    4  Elm-court,  Temple,  London^  E.C. 

1868.  {Atherton,  Charles.    Sandover,  Isle  of  Wight. 
1866.  |Atherton,  J.  H.,  F.C.S.    Long-row,  Nottingham, 
1866.  §Atkin,  Alfred.    Griffin's-hill,  Birmingham. 
1861.  {Atkin,  Eli.    Newton  Heath,  Manchester. 
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1805.  ♦Atkmson,  Edmiind,  F.C.S.      Royal  MUitary  College^  Sandhuist, 

Farnborough. 
1863,  *Atki]i8on,  G.  Clayton.    Wyland  Hall,  West  Denton,  Newcastte-on- 

Tyne. 

1861.  X'^^^^*'*^<^f  JO'fMs* 

1845.  XAthnson  John. 

1858.  *  Atkinson,  John  Hastings.    14  East  Parade,  Leeds. 

1842.  *  Atkinson,  Joseph  B.    Stratford  House,  Carlisle-terrace,  Kensington, 

London,  W. 
1861.  t Atkinson,  Rev.  J.  A.    Lon^sight  Rectory,  near  Manchester. 

1858.  *Atkinson,  J.  R.  W.    8  MariDorough-terrace,  Yictoiia-road,  Keo- 

sington.  London,  W. 
Atkinson,  William.    Ashton  Hayes,  near  Chester. 
1863.  §Attfield,  Dr.  J.    17  Bloomsbury-square,  London,  W.C. 
•Auldjo,  John,  F.G.S. 

1859.  XAudin,  Alfred, 

1860.  •Austin-Gourlay,  Rev.  William  E.  C,  M.A.    Stoke  Abbott  Rectory, 

Beaminster,  Dorset 
1865.  *Avery,  Thomas.    Church-road,  Edgbaston,  Birmingham. 
1865.  •Avery,  William  Henry.    Digbeth,  JBirmingham. 
1867.  §Avison.  Thomas,  F.S.X.    Tulwood  Park,  Liverpool. 
1853,  •Ayrton,  W.  S.,  F.S.A.    The  Mount,  York. 

Babbage,  B.  H.    1  Dorset-street,  Manchester-square,  London.  W. 
•Babbage,  Charles,  M.A.,  F.R.S.  L.  &  E.,  Hon.  M.RLA.,  F.R.A& 

1  Dorset-street,  Manchester-square,  London,  W. 

•Babington,  Charles  Cardale,  M.A.,  F.R.S.,  F.L.S.,  F.G.S.,  Professor 

of  Botanv  in  the  University  of  Cambridge.     (Local  Treasurer,) 

St.  John  B  College,  Cambridge. 

Bache,  Rev.  Samuel.    44  Frederick-street,  Edgbaston,  Birmingham. 

1845.  JBack,  Rear-Admiral  Sir  George,  D.C.L.,   F.R.S.,  r.R.G.S.    109 

Gloucester-place,  Portman-square,  London,  W. 
1867.  •Bagg,  Stanley  Clark.    Fairmount  Villa,  Montreal,  Canada. 

Backhouse,  Edmund.    Darlington. 
1863.  JBackhouse,  J.  W.     Sunderland. 

Backhouse,  Thomas  James.    Sunderland. 
1851.  JBacon,  George.    Tavern-street,  Ipswich. 
*JBaddeleyf  Captain  Frederick  H.,  M.E, 
Ba^ot,  Thomas  N,    Ballymoe,  Go.  Galway. 
1864  •Bailey,  C.  D.    7  Camden-crescent,  Bath. 
Bailey,  Samuel.     Sheffield. 

1865.  JBailey,  Samuel.    The  Peck,  Walsall. 

1855.  JBailey,  William.    HorseleyFieldsChemical  Works,  Wolverhampton. 

1866.  |Baillon,  Andi*ew.     St.  Mary's  Gate,  Nottingham. 
1866.  tBaillon,  L.     St.  Mary's  Gate,  Nottingham. 

1857.  IBaily,  William  Hellier,  F.L.S.,  F.G.S.,  Acting  Paleontologist  to  ihc 

Geological  Survey  of  Lreland.     61  Stephen's  Green,  Dublin. 
•Bain,  Richard.     Gwennap,  near  Truro. 
1865.  §Bain.  Rev.  W.  J.     WeUingborough. 

Bainoritljiro,  Joseph.     (Messrs.  Morris  and  Prevost,  Gresham  House, 

London^ 
•Bainbridge,  Robert  Walton.    Middleton  House,  near  Barnard  Castle, 

Durnam. 
•Baines,  Edward.    Headingley  Lodge,  Leeds. 

1858.  IT^nes,  Frederick.    Burley,  near  Leeds. 

1858.  *Baines,  Samuel.    Victoria  Mills,  Brighouse,  Yorkshire. 

1805.  §Bainea,  Thomas,  F.R.G.S.     14  Union-stroet,  King's  Lynn,  Norfolk, 

1858.  JBaines,  T.  Blackburn.     'Mercury'  Office,  Leeds. 
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1851.  t-Baird^  A.  W.,  M.D.    Lower  Brook-street,  Ipswich. 
1866.  §Baker,  Prancis  B.    Arboretum  Street,  Nottingham. 

1846.  iBaker,  Eev.  Franklin, 

1858.  *Baker,  Hemry  Granville.    Bellevue,  Horsforth^  near  Leeds. 

1865.  |Baker,  James  P.    Wolverhampton. 

1861.  *Baker,  John.     Catley-hill,  Cheadle,  Cheshire. 

1861.  *Baker,  John.     (R.  Brooks  &  Co.,  St.  Peter's  Chambers;  ComhUl, 

London,  C.£.) 
1865.  $Baker,  Robert  L.    Barham  House,  Leamington. 

1847.  {Baker,  Thomas  B.  Lloyd.     Hardwick-court,  Gloucester. 

1849.  •Baker,  William.    63  Gloucester-place,  Hyde  Park,  London,  W. 
1863.  §Baker,  WiUiam.    6  TaptonviUe,  Sheffield. 

1845.  IBakewell,  Frederick.      6  Haverstock-terrace,  Hampstead,  London, 
N.W. 

1860.  f  Balding,  James,  M.R.C.S.    Barkway,  Royston,  Hertfordshire. 
1851.  ^Baldwin,  The  Hon.  Robert,  H.M.  Attorney-General.    Spadina,  Co. 

York,  Upper  Canada. 
♦Balfour,  John  Ilutton,  M.D.,  M.A.,  F.R.S.  L.  &  E.,  F.L.S.,  Professor 
of  Medicine  and  Botany  in  the  University  of  Edinburgh.    27 
Inverleith-row,  Edinburgh. 
•Ball,  John,  M.R.LA.,  F.L.S.    Oxford  and  Cambridge  Club,  Pall 
Mall,  London,  S.W. 
866.  §Ball,  Robert.    43  Wellington  Place,  Dublin. 
863.  iBaXl,  Thomas.    Bramcote,  Nottingham. 

•Ball,  William.    Bruce-grove,  near  London ;  and  Rydall,  Amblesidei 
Westmoreland. 

852.  {Bangor,  Viscount.    Castleward,  Co.  Down,  Ireland. 
856.  {Banks,  Richard  William.    Kington,  Herefordshire. 
846.  {Banks,  Rev.  S.  H.,  LL.D.    Dulnngham,  Newmarket. 
842.    Jiemnerman,  Alexander, 
861.  {Bannerman,  James  Alexander.   Limefie]d  House,  Higher  Broughton, 

near  Manchester. 

853.  XBannister,  Anthony. 

866.  §Barber,  John.    Long- row,  Nottingham. 
861.  •Barbour,  George.    Bolesworth  Castle,  Tattenhall,  Chester, 

859.  {Barbour,  George  F.    Bouslceid,  Edinburgh. 
•Barbour,  Robert.    Bolesworth  Castle,  Chester. 

855.  {Barclay,  Andrew.    Kilmarnock,  Scotland. 

Barclay,  Charles,  F.S.A.,  M.R.A.S.    Bury-hill,  Dorking, 

Barclay,  James.    Catrine,  Ayrshire. 
852.  •Barclay,  J.  Gumey.    Walthamstow,  Essex. 

860.  •Barclay,  Robert.     Leyton,  Essex. 

863.  {Barford,  James  Gale.    Wellii^rton  College,  Berkshire. 

860.  •Barker,  Rev.  Arthur  Alcock,  B.D.    East  Bridgeford  Rectory,  Notts. 

867.  {Barker,  John,  M.D.,  Curator  of  the  Royal  College  of  Surgeons  of 

Ireland.     Dublin. 
865.  {Barker,  Stephen.    30  Frederick-street,  Ed^baston,  Birmingham. 
846.  {Barlow,  Rev.  John,  M.A.,  F.R.S.,  F.L.S.,  F.G.S.    5  Berkeley-street, 
London,  W. 
Barlow,  Lieut.-Col.  Maurice  (14th  Regt.  of  Foot).    5  Great  Georges- 
street,  Dublin. 
Barlow,  I*eter.    5  Great  George-street,  Dublin. 
1857.  {Barlow,  Peter  William,  F.R.S.,  F.G.S.     20  Great  George-street, 
London,  S.W. 

1861.  •Barnard,  Major  R.  Cary.    Cambridge  House,  Bays-hill,  Cheltenham, 
1804.  •Bameby,  Jonn  H.     Brockhampton  Park,  Worcester. 

Barnes,  Rev.  Joseph  Watkins,  M.A.    Kendal,  Westmoreland. 
•Barnes,  Thomas,  M.D.,  F.R.S.E.    Carlisle. 
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Barnes,  Thomas  Addispii,     2  TVellesley-TUlaSy  Soho  Pf»kf  ^- 

miogham. 
*Bamett^  Richard,  M.II.C.S.    Coten  End.  Warwickshire. 
18o9.  tBa^*;  Lieut-Colonel;  Sombay  Anpy.   (Messrs.  Fprbee,  forbes  &  Co., 
9  King  William-streetjLondon.) 

1861.  •Barr,  W.  R.    Norris  Bank.  Heaton  Norris,  Stockport 

1860.  ^Barrett,  T.  B.    High-street,  Welshpool,  Montgomery^ 
1852.  {Barrington,  Edward.    Fassaroe  Bray,  Co.  Wicklow. 

1852.  tBarrington,  Richard  0.    Trafalgar-teiTQce,  Mpnlistown,  Co.  Pnblis. 
1866.  tBarron,  William.    Elvaston  Nurseries,  Bor^wasb,  Derby. 

1863.  JBarrow,  Capt  C.  J.    Southwell. 
1858.  XBarry,  Rev.  A. 

1862.  *Barry,  Charles.    Lapswood,  S^denham-hlll,  Kent 

Barstow,  Thomas.    Garrow-hill,  near  York. 
1858.  ^Bartholomew,  Charles.    Broxholme,  Doncaster. 

1865.  IBartholomew,  Hugh.    New  Gas-works,  Glasgow. 

1858.  •Bartholomew,  William  Hamond.    5  Grove-terrace,  Leeds. 

1861.  IBartlet,  A.  H.    Lower  Brook-street,  Ipswich. 

1857.  JBarton,  Folloit  W.    Clonelly,  Co.  Fermanagh. 
1852.  ^Barton,  James.    Famdreg,  Dundalk. 

^Barton,  John.    Bank  of  ueland,  Dublin. 

1864.  §Bartrum,  John  S.    41  Gay-street,  Bath. 

1858.  •Barwick,  John  Marshall.    Albion-street,  Leeds. 

•Bashforth,  Rev.  Francis,  B.D.  Minting,  near  Homcastle,  Lincolnshire. 
186L  JBass,  John  H.,  F.G.S.    287  Camden-road,  London,  N. 

1866.  •Bassett,  Henry.     19  Alfred-place,  Bedford-square,  London,  W.C. 

1866.  :(Bassett,  Richard.    Pelham-street,  Nottingham. 

1860.  JBastard,  Thomas  H.    Charleton,  Blandford. 

1848.  JBate,  C.  Spence,  F.R.S.,  F.L.S.    8  Mulgrave-place,  Plymouth. 

Bateman,  James,  M.A.,  F.R.S.,  F.L.S.,  F.H.S.     Biddulph  Grange, 
near  Congleton,  Staffordshire. 
1842.  •Bateman,  John  Frederic,  C.E.,  F.R.S.,  F.G.S.    16  Gr^at  George- 
street,  London,  S.W. 
•Bateman,  Joseph,  LL.D.,  F.R.A.S.    Walthamstow,  London,  N.E. 
1864.  §Bates,  Henry  Walter,  Assist.-Sec.  R.G.S,   15  Whitehall-place,  Lon- 
don, S.W. 
Bateson,  John  Glynn.    Liverpool. 
1852.  JBateson,  Sir  Robert,  Bart.    Belvoir  Park,  Belfast 

1863.  •Bathurst,  Rev.  W.  H.    Lydney  Park,  Gloucestershire. 

1863.  §Bauerman,  Henry,  F.G.S.    22  Acre-lane,  Brixton,  London,  S. 

1861.  JBaxendell,  Joseph,  F.R.A.S.    108  Stock-street,  Manchester. 

1867.  •Baxter,  Sir  David,  Bart.    Kilmaron,  Fifeshire. 
1867.  §Baxter,  Edward.    Hazel  Hall,  Dundee. 
1867.  §Baxter,  John  B.    Craig  Tay  House,  Dundee. 
1858.  X^axter,  JRobert. 

1867.  §Baxter,  William  Edward,  M.P.    Ashdiffe,  Dimdee. 

•Bayldon,  John,    Horbury,  near  Wakefield. 
1861.  •Bayley,  George.    2  Cowper's-court,  Comhill,  London,  RC. 
1866.  §Bayley,  Thomas.    Lenton,  Nottingham. 

1864.  IBaylis,  C.  0.,  M.D.    51  Hamilton-square,  Birkenhead. 
1866.  X^ayly,  Captj  R.E. 

Bayly,  John.    1  Brunswick-terrace,  Pljrmouth. 
1842.    Bazley,  Thomas  Sebastian,  B.A.    Agden  Hall,  Lynun,  Warrington. 

BecUj  Captain,     Toronto,  Upper  Canada, 
1860.  •Beale,  Lionel  S.,  M.B.,  F.R.S.,  Professor  of  Physiology  and  of  Gene- 
ral and  Morbid  Anatomy  in  Bongos  College,  Xionaon.    61  Gros- 
venor-street,  London,  W. 
Beamish,  Francis  B, 
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1833.  *Beamiab|   Richard^  F.R.S.    (Local  Treasurer,)     Woolston  Lawiii 

Woolston,  Southampton. 
1861.  §Beaii,  William.    Alfreton.  Derbyshire. 
1866.  *Bearamore,  Nathaniel.    30  Great  Qeorgenstreet,  Jjcmdjou,  S.W. 

*Beat8on,  William.    Rotherham. 
1857.  XBeattiej  Joaeph, 

1866.  •Beaufort,  WiUiam  Morris,  F.RO.S.    India, 

1861.  •Beaumont,  Rer.  Thomas  George.    Chelmondiston  Rectory,  Ipswich. 
1866.  §Beavan,  Hugh  J.  0.,  F.R.G.S.  4  Middle  Temple-lane,  London,  E.C. 
1869.  •Beck,  Joseph,  F.R.A.S.    31  Comhill,  London,  E.C. 
186L  X^fi<i^f  ^EmesL  Ph.D.    Darmstadt, 

1864.  §Becker,  Miss  L.  E.     10  Grove-street,  Ardwick,  Manchester. 
1868.  •Beckett,  William.    Kirkstall  Grange,  Leeds. 
1860.  {Beckles,  Samuel  H..  F.R.S.,  F.G.S.     Enden-villas,  Schiest-road^ 

South  Norwooa,  London,  S. 
1866.  ^Beddard,  James.    Derby-road,  Nottingham. 
1846.  fBeddome,  J.,  M.D.    Romsey,  Hampshire. 
1864  XBedford,  James,  PKB, 

1868.  XBedfardy  James. 

1860.  tBegbie,  James,  M.D.    21  Alya-street,  Edinburgh. 

1846.  JBeke,  Charles  T.,  Ph.D.,  F^S.A.,  F.R.G.S.      Bekesboumo  House, 

near  Canterbury,  Kent. 
1866.  •Belavenetz,  I.,  Captain  of  the  Russian  Imperial  Navy,  F.R.I.G.S., 
M.S.C.M.A.,    Superintendent    of   the    Compass    Observatory, 
Cronstadt.    (Care    of  Messrs.  Baring  Brothers,  Bishopsgate- 
street,  London,  E.C.) 

1847.  •Belcher,  Vice-Admiral  Sir  Edward,  K.C.B.,  F.R.A.S.,  F.R.G.S. 

22a  Connaught-square,  London,  W. 
1847.  ^Belcher,  William.    Abmgdon. 
1&50.  JBell,  Charles,  M.D.    3  St.  Colme-street,  Edinburgh. 

Bell,  Frederick  .Tohn.    Woodlands,  near  Maldon,  Essex. 

1869.  JBell,  George.    Windsor-buildings,  Dumbarton. 

1860.  JBell,  Rev.  George  Charles,  M.A.    The  College,  Dulwich,  Surrey,  S. 
1866.  JBell,  Capt.  Henry.     Chalfont  Lodge,  Cheltenham. 

1862.  •Bell,  Isaac  LoTvtnian.    The  Hall,  Washington,  Co.  Durham. 

1863.  JBell,  John  Pearson,  M.D.    Waverley  House,  Hull. 
•Bell,  Matthew  P.    246  St.  Vincent-street,  Glasgow. 

1869.  JBell,  Robert,  jun.    3  Airlie-place,  Dundee. 
1864  JBell,  R.    Queen's  College,  Kingston,  Canada. 

Bell,  Thomas,  F.R.S.,  F.L.S.,  F.G.S,,  Professor  of  Zoology,  King's 
College,  London.    The  Wakes,  Selbome,  near  Alton,  Hants. 

1863.  ♦Bell,  Thomas.    Usworth  House,  Gateshead,  Durham. 
1807.  §Bell,  Thomas.    Belmont,  Dundee. 

1842.    Bellhouse,  Edwaixi  Taylor.    Eagle  Foundry,  Manchester. 

1864.  JBellhouse,  William  Dawson.     1  Park-street,  Leeds. 

Bellingham,  Sir  Alan.     Castle  l^llingham,  Ireland. 

1866.  •Belper,  The  Right  Hon.  Lord,  M.A.,  F.R.S.,  F.G.S.    88  Eaton- 

square,  Ijondon,  S.W. ;  and  Kingston  Hall,  Nottingham. 
1864.  *Bendy$h€,  T. 

1848.  JBenham,  E.    18  Essex-street,  Strand,  London,  W.C. 
1860.  JBennett,  John  Hughes,  M.D.,  F.R.S.E.,  Professor  of  Institutes  of 

Medicine  in  the  University  of  Edinburgh.     1  Glenfinlas-street, 

Edinburgh. 

1862.  ♦Bennoch,  Francis.    The  Knoll,  Blackheath,  Kent. 

1867,  JBenson,  Charles.     11  Fitzwilliam-square  West,  Dublin. 

Benson,  Robert,  jun.    Fairfield,  Manchester. 
1848.  JBenson,  Starling,  F.G.S.     Gloucester-nlace,  Swansea. 

1863.  JBenson,  William.    Fourstones  Court,  Newcastle-on-Tyne. 
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1848.  tBentham,  George,  F.R.S.,  Pres.  L.S.  26  WUton-place,  Knightdnidge, 
London,  S. W. 
Bethune^  Bear-Admiral,  C.B.,  F.K.Q.S.    BalfouT;  Fifeshire* 
1842.    Bentley,  John.    9  Portland-place,  London,  W. 
1845.  {Bentley,  J.  Flowers.    Stamford,  Lincolnsliire. 

1863.  §Bentley,  Robert,  F.L.S.,  Professor  of  Botany  in  King's  College. 
55  Clifton-road,  St.  John's-wood,  London,  N.W. 

1865.  §  Berber,  C.  H.,  F.C.S.    Lower  Clapton,  London,  N.E. 
1863.  ^Berkley,  C.    Marley  Hill,  Gateshead,  Durham. 

1848.  JBerrington,  Arthur  V.  D.    Woodlands  Castle,  near  Swansea. 

1866.  §Berry,  Bev.  Arthur  George.    The  Grove,  Stainton-by-Dale,  Not- 

tingham. 
♦Berryman^  William  Richard.    6  Tamar-terrace,  Stoke,  DeronpoTt. 

1862.  IBesant,  William  Henry,  M.A.    St.  John's  College,  Cambridge. 

1865.  §Bessemer,  Henry.    Denmark-hill,  Camberwell,  London,  S. 

1858.  JBest,  WillianL    Leydon-terrace,  Leeds. 

1859.  JBeveridge,  Robert.  M.B.    20  Union-street,  Aberdeen. 

1863.  IBewick,  Thomas  John.    Allenheads,  Carlisle. 
*Bickerdike,  Rev.  John,  M.A.    St.  Mary's  Parsonage,  Leeds. 

Bickersteth,  Robert.    Rodney-street,  Liverpool. 

1863.  :):Bigger,  Benjamin.    Gateshead,  Durham. 

1864.  JBiff^,  Robert.     17  Charles-street^  Bath. 

1855.  IBilbngs,  Robert  William.  4  St.  Mary's-road,  Canonbury,  London,  N. 
Bilton,  Rev.  William,  M.A.,  F.G.S.   United  University  Club,  Suffolk- 
street,  London,  8.W. ;  and  Chislehurst,  Kent 
1842.    Binney,  Edward  William,  F.R.S.,  F.G.S.    40  Cross-stroet,  Man- 
chester. 
Birchall,  Edwin.     College-house,  Bradford. 
Birchall,  Heniy.    Scarsdale-villas,  Kensington,  London,  W« 
1854.  JBird,  William  Smith.    Dingle  Priory,  near  Liverpool. 
1665.  tBirkenhead,  Edward  Hasketh,  D.Sc,  F.G.S.,  Royal  Infirmary  Scliool 
of  Medicine,  Liverpool. 
Birkenshaw.  John  Cass. 

1862.  §Birkin,  Richard.    Aspley  Hall,  Nottingham. 

1866.  •Birkin,  Richard,  jun.     The  Park,  Nottmgham. 
*BirkSj  Rev.  Thomas  Ratosmi, 

1842.  •Birley,  Richard.    Seedley,  Pendleton,  Manchester. 
1861.  IBirlev,  Thomas  Thomely.    Highfield,  Heaton  Mersey,  Manchester. 
1841.  •Birt, 'William  Radcliff,  F.R.A.S.     Cynthii^-villa,  Clarendon-road, 
Walthamstow,  London,  N.E. 

1854.  XBishopy  Rev.  Francis. 

1860.  I  Bishop,  Thomas.    Bramcote,  Nottingham. 

1863.  JBlack,  William.    South  Shidds. 

Bku^kburtif  Bewicke. 

Blackbume,  Right  Hon.  Francis.    34  Merrion-square  South,  Dublin. 
Blackbume,  Rev.  John,  M.A.    Yarmouth,  Isle  of  Wight 
Blackburne,  Rev.  John,  jun.,  M.A.    Rectory,  Horton,  near  Chip- 
]^enham. 
1850.  IBlackie,  John  Stewart,  Professor  of  Greek.    Edinburgh. 

1855.  •Blackie,  W.  G.,  Ph.D.,  F.R.G.S.     10  Kew-terrace,  Glasgow. 
^Blackwall,  John,  F.L.S.  Hendre  House,  near  Llanrws^  Denbigh- 
shire. 

1863.  t Bladen,  Charles.    Jarrow  Iron  Company,  Newcaatle-on-Tyne. 
1859.  {Blaikie,  Sir  Thomas.    Kingseat,  Aberdeen. 

1803.  JBlake,  C.  Carter,  F.G.S.     Anthropological  Society,  4  St  Martin's- 
place,  Trafalgar-square,  London,  W.C. 

1849.  •Blake,  Henry  Wollttston,M. A.,  F.R.S.  8  Devonshire-place,  Portland- 

place,  London,  W, 
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1846.  *Blake.  William.    South  Petherton,  Uminster. 

1865,  *Blakeiey,  Captain.    Blakeley  Ordnance  Company^  Bear-lane,  South- 

wark;  London. 
1845.  {Blakesley,  Rev.  J.  W.,  B.D.    Ware  Vicarage,  Hertfordahire. 
1861.  §Blakiston,  Matthew.     Mobberley,  Knutsfora. 

^Blakiston.  Peyton,  M.D.,  F.R.S.    St.  Leonard's-on-Sea. 

Blanfihara,  William.    Redcar. 

Blore,  Edward,  F.S.A,    4  Manchester-square,  London,  W. 
1853.  ^Blundell,  Henry  J.  P.     Brunswick  House,  Beverley-road,  Hull. 
1859.  ^Blunt,  Sir  Charles,  Bart.    Heathfleld  Park,  Sussex. 

Blunt,  Henry.    Shrewsbury. 
1859.  JBlunt,  Capt.  Richard.    Bretlands,  Chertsey,  Surrey. 

Blyth,  B.  Hall.     135  George-street,  Edinbuigh. 
1850.  JBljrth,  John,  M.D.,  Professor  of  Chemistry  in  Queen's  College,  Cork. 

1858.  *Bl3rthe,  William.    Holland  Bank,  Church,  near  Accrington. 

Boase,  C.  W.    Royal  Bank,  Dundee. 

1845.  {Bodmer,  Rodolphe.    Newnort,  Monmouthshire. 
1864.  t^SS>;  *' *    Louth,  Lincolnsnire. 

1866.  §Bogg,  Thomas  Wemyss.    Louth,  Lincolnshire. 

1869.  •Bohn,  Henry  G.,  F.L.S.,  F.R.A.S.,  F.R.G.S.    York-street,  Covent 
Garden,  London,  W.C. 
•Boileau,  Sir  John  Peter,  Bart.,  F.R.S.     20  Upper  Brook-street, 
London,  W. :  and  Ketteringham  Hall,  Norfolk. 

1859.  JBolster,  Rev.  Preoendary  John  A.     Cork. 

Bolton,  R.  L.    Gambier-terrace,  Liverpool. 
1849.  JBolton,  Thomas.    Hyde  House,  near  Stourbridge. 
1866.  |Bond,  JBanks.     Low  Pavement,  Nottingham. 
1863.  |Bond,  Francis  T.,  M.D.    Hartley  Institution,  Southampton. 

Bond,  Henry  John  Hayes,  M.D.     Cambridge. 

Bonomi,  Ignatius.    36  Blandford-square,  London,  N.W. 

Bonomi,  Joseph.    Soane's  Museum,  15  Lincoln's-Inn-fields,  London, 
W.C. 

1866.  JBooker,  W.  H.    Cromwell-terrace,  Nottingham, 
1861.  §Booth,  James.     Castlemere,  Rochdale. 

1885.  JBooth,  Rev.  James,  LL.D.,  F.R.S.,  F.R.A.S.    The  Vicarage,  Stone, 

near  Aylesbury. 
1861.  •Booth,  John.     Monton,  near  Manchester. 
1861.  •Booth,  Councillor  William.     Dawson-street,  Manchester. 
1861.  •Borchardt,  Dr.  Louis.    Bloomsbury,  Oxford-road,  Manchester. 

1849.  JBoreham,  William  W.,  F.R.A.S.    Haverhill,  Suffolk. 
1863.  JBorries,  Theodore.    Lovaine-crescent,  Newcastle-on-Tyne. 

•Bossey,  Francis,  M.D.     Oxford-terrace,  Red  Hill,  Surrey. 
Bosworth,  Rev.  Joseph,  LL.D.,  F.R.S.,  F.S.A.,  M.R.I.A.,  Professor 
of  Ajiglo-Saxon  in  the  University  of  Oxford.     Oxford. 
1859.  JBothwell,  Ueorge  B.     9  Bon  Accord-square,  Aberdeen. 

1867.  §Botley,  William,  F.S.A.  Salisbury  Villa,  Upper  Norwood,  London,  S. 
1858.  JBotterill,  .John.    Burlev,  near  Leeds. 

Bottomlev,  William.    J'orbreda,  Belfast. 

1850.  JBouch,  Tnomas,  C.E.     1  South  Hanover-street,  Edinburgh. 

Bourne,  Lieut. -Colonel  J.  D.     Heathfield,  Liverpool. 

1866.  §Boume,  Stephen.     Hudstone-drive,  Harrow,  London,  N.W. 
1858.  JBousfield,  Charles.    Roimdhay,  near  Leeds. 

1867.  SBower,  Dr.  John.    Perth. 

1846.  •Bowerbank,  James  Scott,  LL.D.,  F.R.S.,  F.R.A.S.    2  East  Ascent, 

St.  Leonard's. 
1856.  *Bowlby,  Miss  F.  E.     27  Lansdown-crescent,  Cheltenham. 
1866.  •Bowman,  E.     Victoria  Park,  Manchester. 
1863.  JBowman,  R.  Benson.    Newcastle-on-Tyne. 
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Bowman,  William,  F.RS.    6  Clifford-street,  Ijondon,  W. 
JBowring,  Sir  John,  LL.P.,  F.R.S.     Athenaeum  Club,  Pall  Mali, 
London,  S.W. ;  and  Claremont,  Exeter. 
1863.  tBowron,  James.    South  Stockton*on*Tee8. 

1863.  $Bojd,  Edward  Fenwick.    Moor  House,  near  Durham. 

Bojle,  Alexander,  M.ll.I.A.    35  College  Green,  Dublin. 
1865,  JBoyle,  Rev.  G.  D.    Soho  House,  Hanosworth,  Birmingham, 
Brabant,  B.  H.,  M.D.    Path. 

Bracebridge,  Charles  Holt,  F.R.G.S.    The  Hall,  Atherstone,  War- 
wicksnire. 

1849.  tBracej,  Charles.    Birmingham. 

1864.  §Bradbury,  Thomas.    Longroyde,  Brighouse. 

BradshaWy  "Rev.  John. 

1861.  •Bradshaw,  William.    Mosley-street,  Manchester. 
1842.  •Brady,  Antonio.    Maryland  Point,  Essex. 

1857.  •Brady,  Cheyne,  M.R.I.A.    Four  Courts,  Co.  Dublin. 

Brady,  Daniel  F.,  M.D.    5  Gardiner's  Row,  Dublin. 

1863.  IBrady,  George  S.    22  Fawcett-street,  Sunderland, 

1862.  §Brady,  Henry  Bowman,  F.L.S.,  F.G.S.  40  Mosley-street,  Newcastle- 

on-Tyne. 

1858.  JBrae,  Andrew  Edmund.     29  Park-square,  Leeds. 

1864.  §Braham,  P.     6  George-street,  Bath. 

1864.  §Braikenridge,  Rev.  George  Weare,  M. A., F.L.S.    Clevedon,  Somersf  1. 
•Brakenridge,  John.    Wakefield. 

1865.  §Bramwell,  F.  J.    37  Great  George-street,  Jjondon,  S.W. 

Brancker,  Rev.  Thomas,  M.A.     Limington,  Somerset. 

1850.  JBrand,  William,  F.R.S.E.     5  Northumberland-street,  Edinbui^gb. 
1867.  §Brand,  William.    Milnefield,  Dundee. 

1861.  •Brandreth,  Henry.    Worthing. 

Brandreth,  John  Moss.    Preston,  Lancashire. 
1852.  JBrazier,  James  S.     Professor  of  Chemisb^'  in  Marischal  College  and 

University  of  Aberdeen. 
1857.  JBrazill,  Thomas.     12  Holies-street,  Dublin. 

1859.  JBrebner,  Alexander  C.     Audit  Office,  Somerset  House,  London,  W.C. 

1859.  •Brebner,  James.    20  Albyn-place,  Aberdeen. 

1807.  §Brechin,  The  Right  Rev.  Alexander  Penrose  Forbes,  Lord  Bishop 
of,  D.C.L.    Castlehill,  Dundee. 

1860.  JBrett,  G.    Salford. 

1854.  *Brett,  John  Watkins.    2  Hanover-square,  London,  W. 

1866.  tBrettell,  Thomas  (Mine  Agent),    Dudley. 
1854.  xBrewin^  JRohert 

1865.  §Brewin,  William.    Cirencester. 

1869,  JBrewster,  Rev.  Henry.    Manse  of  Famell. 

1867.  §Bridgnian,  W.  Kenceley.    Norwich 

1866.  *Briggs,  Arthur.    Rawdon,  near  Leeds. 

•Brigffs,  General  John,  F.B.S.,  M.R.A.S.,  F.G.S.    2  Tenteiden-stjcet, 
London,  W. 
1866.  §Briggs,  Joseph.    Ulverstone,  Lancashire. 

1863.  •Bright,  Su*  Charles  Tilston,  C.E.,  F.R.G.S.,  F.R.A.S.      69  Lan- 

caster Gate,  W. ;  and  1  Victoria-street,  London,  S.W, 
Bright,  John,  M.P.    Rochdale,  Lancashire. 
1863.  JBrivit.  Henri.    Washington  Chemical  Works,  Washington,  Durham. 
1842.    Broadoent,  Thomas.    ^larsden-square,  Manchester. 
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Magor,  J.  B.    Redruth,  Cornwall. 

1853.  ]:Magrath,  Rev.  Folliot,  A.M.    Stradbally,  Queen's  County,  Ireland. 

1866.  §Maior,  Richard  H.,F.S.A.,F.R.G.S.   British  Museum, London, W.C. 
*Malahide.  Talbot  de.  The  Right  Hon.  Lord,  F.R.S.    Malahide  Castle, 

Malahide,  Ireland. 
1853.  |Malan,  John.    Holmpton,  Holdemess. 

*Malcolm,  Frederick.    Mordon  Collect,  Blackheath,  London,  S.E. 
Malcolm,  Neil.    Portalloch,  Lochgilphead. 
1850.  JMalcolm,  R.  B.,  M.D.,  F.R.S.E.    126  George-street,  Edinburgh. 

1863.  JMaling,  C.  T.    Lovaine-crescent,  Newcastle-on-Tyne, 

•Mallet,  Robert,  Ph.D.,  F.R.S.,  F.G.S.,  M.R.IA.    7  Westminster 
Chambers,  Victoria-street,  Westminster,  London,  S.W. ;  and  The 
Grove,  Clapham-road,  Clapham,  London,  S. 
1857.  JMallet,  Dr.  John  William.    Umversity  of  Alabama,  U.  S. 
1846.  jManbv,  Charles,  F.R.S.^  F.G.S.    79  Harlej-street,  London,  W. 

•Manchester,  James  Pnnce  Lee,  Lord  Bishop  of,  F.R.S.,  F.G.S., 
F.R.G.S.,  F.C.P.S.    Mauldreth  Hall,  Manchester. 

1863.  ^ilfaitctm,  Count  de,  Italian  Consul, 

1866.  §Mann,  Robert  James,  M.D.,F.R.A.S.    15  Buckingham-street,  Strand, 
London,  W.C. 
Manning,  The  Right  Rev.  H. 
1866.  JManning,  John.    Waverley-street,  Nottingham. 
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1864.  }Maii8el,  J.  C.    Long  ThorniBy  BlalidfeTtL 

1865.  {March,  J.  F.    Fairfield  House,  Warrington. 

1864.  ^Markham,  Clements  K.,  F.R.G.S.     21  Eecleston-Bquare^  Pimlico, 

London,  S.W. 
1852.  |Marland,  James  William.    MounUo|r-place,  Dublin. 

1863.  IMarley,  John.    Mining  Office,  Darlington. 

^Marling,  Samuel  S.    Stanley  Park,  Stroud,  Gloucestershire. 
Marriott,  John.    Allerton,  Liverpool. 

1857.  §Marriott,  William.    Leeds-road,  Huddersfield. 

1858.  tMarriott,  William  Thomas.    Wakefield. 

1842.    Marsden,  Richard.    Noifolk-street,  Manchester. 

1866.  §Mar8h,  Dr.  J.  C.  L.    Park-row,  Nottingham. 

1856.  JMarsh,  M.  H.    WUbury  Park,  Wats. 

1864.  {Marsh,  Thomas  Edward  Miller.    37  Grosvenor-plaee,  Bath. 

Marshall,  James.    Headingly,  near  Leeds. 
1852.  ];Marshall,  James  D.    Ilolywood,  Belfast. 

^Marshall,  James  Garth,  M.A.,  F.G.S.    Headinglj,  near  Leeds. 

1858.  ];Mar8hallf  Reginald  Dykes.    Adel,  near  Leeds. 

1849.  ^Marshall,  William  P.    6  Portland-road,  Edgbaston,  Birmingham. 

1865.  §  Marten,  E.  R     13  High -street,  Stourbridge. 

Martin,  Rev.  Francis,  M.A.    Trinity  College,  Cambridge. 
*MaHm,  Francis  P.  Brouncker. 
1848.  |Martin,  Henir  D.    4  Imperial  Circus,  Cheltenham. 

Martin,  Stiidley.    107  Bedford-street  South,  Liyerpool. 
1,867.  *Martin,  William,  Jun.    Trades  Lanes,  Calender,  N.  B. 

*Martindalft,  Nicholas.    Peter-lane,  Hanover-street,  liTerpool. 
*Martineau,  Rev.  James.    10  Gordon-street,  Gordon-square,  LondiMi. 
1865.  ];Martineau,  R.  F.    Hiffhfield-road,  Edgbaston,  BirminghaoL 
1865.  |Martineau,  Thomas.     7  Cannon-street,  Birmingham. 
1847.  jMaskelyiie,  Nevil  Stoir,  M.A.,  F.G.S.,  Professor  of  Mineralogy  in  the 

University  of  Oxford.    British  Museum,  London,  W.O. 
1861.  •Mason,  Hugh.    Ashton-under-Lyne. 
•Mason,  Thomas.    York. 

Maasey,  Hugh,  Lord.    Hermitage,  Castleconnel,  Co.  Limerick. 
•Mather,  Daniel.    58  Mount  Pleasant,  Liverpool. 
•Mather,  John.    58  Mount  Pleasant,  Liverpool. 
1863.  •Mather,  Joseph.    Beech  Grove,  Newcastle-on-Tyne. 
1865.  •Mathews,  G.  S.    Edgbaston  House,  Hagley-roaa,  Birmingham. 
1861.  •Mathews, William,jun.,M.A.,F.G.S.  51  Carpenter-road, Birmingham. 

1859.  JMatthew,  Alexander  C.    3  Canal-terrace,  Aberdeen. 
1865.  {Matthews,  C.  E.     Waterloo-street,  Birmingham. 
1858.  {Matthews,  F.  C.    Mandre  Works,  Driflield,  Yorkshire. 

•Matthews,  Henry,  F.C.S.    60  Gower-street,  London,  W.C. 

1860.  {Matthews,  Rev.  Richard  Brown.     The  Vicarage,  Shalford,  near 

Guildford. 
1863.  *Matthie88en,  Augustus,  Ph.D.,  F.R.S.,  Lecturer  on  Chemistn-,  St. 
Mary's  Hospital.    Paddington,  London,  W. 

1857.  XMawfhan,  Bev.  J.  I), 

1863.  {Maughan,  Rev.  W.    Benwell  Parsonage,  Newcastle-on-Tyne. 

1856.  {Maule,  Rev.  Thomas,  M.A.    Partick,  neai*  Glasgow. 

1865.  •Maw,  George,  F.L.S.,F.G.S.,F.S.A.    Benthall  Hall,  Broseley,  Salop. 

1863.  •Mawson,  John.    3  Moseley-street,  Newcastle-on-Tyne. 

1864.  •Maxwell,  Francis.    Gribton,  near  Dumfries. 

•Maxwell,  James  Clerk,  M.A.,  F.R.S.,  L.  &  E.    Glenlair,  Dalbeattie, 
N.B. 
1855.  •Maxwell,  Sir  John,  Bart.,  F.R.S.    Pollok  House,  Renfrewshire. 
1852.  {Maxwell,  John  Warinj:.    Finnebrogue,  Downpatrick,  Ireland. 

•Maxwell,  Robert  Percival.    Finnebrogue,  Downpatrick,  Ireland. 
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^865.  *VL8.j,  Walter.    Berkelej-street,  Binningham, 

•Mayne,  Rev.  Cliariee,  M.R.IA.    22  Upper  Mempn-street,  Dublin. 

1867.  J:3fayii€,  William  Annedey, 

1868.  §Mease,  George  D.    Bylton  Villa,  South  Shields. 
1863.  ];Mea8e,  Solomon.    Cleveland  House,  North  Shields. 

^Meath,  Samuel  Butcher,  D.D.,  Lord  Bishop  of.     18  Fitzirilliam- 
sauare  West,  Dublin;  and  Ardbraccan,  Co.  Meath. 

1861.  JiMedcaff,  William.    20  Bridgewater-place,  Manchester. 
1863.  §Meier,  R.     Newcastle-upon-Tyne. 

1867.  §Meldrum,  Charles.    Mauritius. 

1866.  §Mello,  Rev.  J.  M.    Brampton,  Chesterfield.  ♦ 

1854.  XMeUy,  Charles  Pierre, 

1847.  {Melville,Profe8sor  Alexander  Gordon,  M.D.  Queen's  College,  6^1)ra|^< 

1863.  |Melvin,  Alexander.    42  Buccleuch-place,  Edinburgh. 

1862.  §Menne]l,    Henry.      St.    Dunstan's-Duildings^   Great   Tower^street, 

London,  E.C. 

1863.  §Messent,  P.  T.    4  Northumberland-terrace^  Tynemouth. 
1847.  XMeyery  Charles,  D.  CL. 

1847.  •Michell,  Rev.  Richard,  DtD.    Magdalen  HaU,  Oxford. 
1865.  JMichie,  Alexander.     26  Austin  Friars,  London,  E.G. 

1865.  §Middlemore,  William.    Edgbaston,  Birmingham. 

1866.  $Midgley,  John.     Colne,  Lancashire. 

1867.  §Midgley,  Robert.     Colne,  Lancashire. 

1856.  JMiles,  Rev.  Charles  P..  M.D.,  IMncipal  of  the  Malta  Protestant  Col- 

lege, St.  Julian's,  Malta.    58  Brompton-crescenty  London,  S.W. 

1857.  t3ft2?«r,  George  M, 

1850.  XMillar,  James  S, 

18^9.  IMillar,  John.    Lisbum,  Ireland. 

1863.  §Millar,  John,  M.D.,  F.L.S.,  F.G.S.    Bethnal  House,  Cambridge-road, 
London,  N.E. 
Millar,  Thomas,  MA.,  LL.D.,  F.R.a.E.    Perth. 
1859.  ];Mil]er,  James,  jun.    Greenock. 
1865.  JMiller,  Rev.  J.  C,  D.D.    The  Vicarage,  Greenwich,  London,  8.E. 

•Miller,  Patrick,  M.D.     Exeter. 
1861.  *Miller,  Robert.    30  King-street ;  and  Whalley  Range,  Manchester. 

1863.  JMiller,  Thomas.    Righill  Hall,  Durham. 

♦Miller,  William  Allen,  M.D.,  Treas.  and  V.P.R.S.,  F.C.8.,  Professor 

of  Chemistry  in  King's  College,  London. 
Miller,  William  Hallows,  MA.,  For.  Sec.  R.S.,  F.G.S.,  Professor  of 
Mineralogy  in  the  University  of  Cambridge.    7  Scroope-terrace, 
Cambridge. 
1842.    Milligan,  Robert.    Acacia  in  Randon,  Leeds. 
•Mills,  John  Robert.    Bootham,  York. 

1851 .  t3fi7&,  Hev.  Thomas. 

1847.  jMilman,  The  Veir  Rev.  II.  H.,  Dean  of  St.  Paul's,  London. 
1867.  §  Milne,  James.     Murie  House,  Enrol,  by  Dundee. 

Milne,  Rear-Admiral  Sir  Alexander,  K.C.B.,  F.R.S.E.      Musselr 

borough,  Edinburgh. 
•Milne-Home,  David,  MA.,  F.R.S.E.  Paxton  House,  Berwick,  N.B. 
1R54.  •Milner,  William.    Liverpool. 

1854.  •Milner,  William  Ralph.    Wakefield,  Yorkshire. 

1864.  JMilton,  The  Right  Hon.  Lord,  M.P.,  F.R.G.S.    4  Grosvenor-square, 

London,  W. ;  and  Wentworth,  Yorkshire. 

1865.  §Minton,  Samuel,  F.G.S.    Oakham  House,  near  Dudley. 

1855.  JMirrlees,  Jamea  Buchanan.     128  West-street,  Tradeston,  Glasgow, 
1859.  JMitchell,  Alexander,  M.D.    Old  Rain,  Aberdeen. 

1863.  {Mitchell,  C.    Walker,  Newcastle-on-Tyne. 
1855.  XMitcluU,  George,     Glasgmc. 
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1862.  •Mitchell,  William  Stephen,  LL.B.,  F.L.S.,  F.G.S.      Caiufl  College, 

Cambridge. 
1855.  *Moffat,  John,  C.E.    Ardrossan. 

1864.  §Moffat, Thomas, M.D.,  F.G.S.,  F.R.A.S.,  F.M.S.  Hawaiden.  Chester. 
1864.  }Mogg,  John  Rees.    High  Littleton  House,  near  BristoL 
1866.  §Mo^gridge,  Matthew,  F.G.S.    Richmond^  Surrey. 
1855.  §Moir,  James.    174  Gallogate,  Glasgow. 
1850.  X^oir,  John,  M,D. 
1861.  JMolesworth,  Rev.  W.  N.,  M.A-    Spotland,  Rochdale. 

Mollan,  Jolm,  M.D.    8  FitzwiUiam-square  North,  Dublin. 
1852.*  JMolonjr,  William,  LL.D.    Carrickferg^. 

1866.  §Molyneux,  William,  F.G.S.    Branston  Cottage,  Burton-upon-Trent 

1863.  JMonday,  William,  Hon.  Sec.  Hull  Lit.  and  Phil.  Soc.    6  Jamtt- 

street,  Hull. 
1860.  §Monk,  Rev.  William,  M.A.,  F.R A.S.   Wymington  Rectoiy,  Hyham, 

Ferrers,  Northamptonshire. 
1853.  |Monroe,  Henry,  M.D.    10  North-street,  Sculcoates,  Hull. 

1860.  XMonUith,  Alexander  JE, 

Montgomery,  Matthew    Glasgow.  * 
1846.  tMoody,  T.  H,  C. 

1857.  §Moore,  Arthur.    Cradley  House,  Clifton,  Bristol. 
1869.  §Moore,  Charles,  F.G.S.    6  Cambridge-terrace,  Bath. 

1867.  JMoore,  Rev.  Dr.    Clontarf,  Dublin. 

Moore,  John.    2  Mendiam-place,  Clifton,  Bristol. 
*Moore,  John  Carrick,  M.A.,  F.R.S.,  F.G.S.  113  Eaton-place,  London^ 
S.W. ;  and  Corswall,  Wigtonshire. 
1866.  *Moore,  Thomas,  F.L.S.    Botanic  Gardens,  Chelsea,  London,  S.W. 

1864.  JMoore,  Thomas  John.    Free  Public  Museum,  Liverpool. 

Moore,  William  D.    7  South  Anne-street,  Dublin. 
1857.  *Moore,  Rev.  William  Prior.    The  College,  Cavan,  Ireland. 

1861.  JMorewood,  Edmund.     Cheam,  Surrey. 

Morgan,  Captain  Efoan,  R,A, 
1849.  JMorpan,  William.    37  Waterloo-street,  Birmingham. 

Morley,  George.    Park-place,  Leeds. 
1863.  t Morley,  Samuel.    Lenton-grove,  Nottingham. 

1866.  *Morrie8on,  Captain  Robert.    Oriental  Club,  Hanover-square,  London, 

W. 
1861.  •Morris,  David.    1  Market-place,  Manchester. 

1846.  jMorris,  Edward,  M.D.     Hereforid. 

•Morris,  Rev.  Francis  Orpen,  B.A.    Nunbumholme  Rectory,  Hayton, 

York. 
Morris,  Samuel,  M.R.D.S.    Fortview,  Clontarf,  near  Dublin. 

1861.  JMorris,  William.    The  Grange,  Salford. 

1867.  §Morrison,  William  R.    Dundee. 

1863.  JMorrow,  R.  J.    Bentick  Villas,  Newcastle. 

1866.  §Mortimer,  J.  R.    Fimber,  Malton. 

1867.  §Morton,  George  H.,  F.G.S.    9  London-road,  Liverpool. 

1868.  •Morton,  Henry  Joseph.    Garforth  House,  West  Garforth,  near  Leeds. 

1847.  JMoseley,  Rev.  Henry,  MA.,  F.R.S.    Olveston  Vicarage,  near  Bristol. 
1857.  :(Moses,  Marcus.    4  Westmoreland-street,  Dublin. 

1862.  XMosheimer,  Joseph, 

Mosley,  Sir  Oswald,  Bart.,  D.C.L.,  F.L.S.,  F.G.S.    RoUeston  Hall, 

Burton-upon-Trent,  Steifordshire. 
Moss,  John.    Ctterspool,  near  Liverpool, 
1853,  •Moss,  W.  H.    Kingston-terrace,  Hull. 

1864.  §Mosse,  J.  R.     (Care  of  Messrs.  Smith  &  Elder,  ComhiU,  London, 

E.G.)  General  Manager's  Office,  Mauritius  Railway,  Port  Louis, 
Mauritius. 
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1866.  tMott,  Charles  Grey.    The  Park,  Birkenhead. 
1888.  §Mott,  Frederick.     18  Gallowtree  Gate,  Leicester. 

1882.  •Mouat,  Frederick  John,  M.D.,  Inspector-General  of  Prisons,  Bengal. 

46  Amndel-gardens,  Notting-hill,  London. 
1868.  :(Mould,  Rev.  J.  G.,  B.D.    21  Camden-crescent,  Bath. 

1883.  {Mounsey,  Edward.    Sunderland. 

Mounsey;  John.    Sunderland. 
1881.  *Mountca8tle,  William  Robert.     22   Dorking-teirace,   Cecil-street, 
Greenheys;  Manchester. 

Mowbray,  James.    Combus,  Clackmannan,  Scotland. 
1860.  JMowbray.  J.  T.    27  Dundas-street,  Edinburgh. 

1866.  iMttir,  William.    10  St.  John-street,  Adelphi,  London,  W.C. 

Muirhead,  James.    90  Buchanan-street,  Glasgow. 
1862.  tMuUan,  Wmiam.    Bdfagt, 

1867.  JMullins,  M.  Bernard,  M.A.,  C.E.     1  Fitzwilliam-aj.  South,  Dublin. 

Munby,  Arthur  Joseph.    Q  Fig-tree-court,  Temple, Xondon,  E.C. 
1886.  tMundella,  A.  J.,  F.R.G.S.    The  Park,  Nottingham. 

1884.  •Munro,  Colonel  William.    United  Service  Club,  Pall  Mall,  London, 

S.W. 
1884.  §Murch^  Jerom.    Cranwells,  Bath. 

*Murchison,  John  Henry,  F.G.S.    Surbiton-hill,  Kingston. 
1864.  ^Murchison,  K.  R.    Manor  House,  Bathford,  Bath. 

*Murchison,  Sir  Roderick  Lnpey,  Bart.,  K.C.B.,  MA.,  D.C.L.  Ozon., 
LL.D.  Camb.,  F.R.S.,  F.G.S.,  F.R.G.S.,  Hon.  Mem.  RS.Ed.  & 
R.I.A.,  Director-General  of  the  Geological  Survey  of  the  United 
Kingdom.    18  BelCTave-square,  London,  S.W. 

1884.  }MuTchiBon,  Captain  R  M.    Caerbaden  House,  Cleveland-walk,  Bath. 

1866.  f  Murdock,  James  B.    196  Bath-street,  Glasgow. 

1868.  JMurffatroyd,  William.    Bank  Field,  Bin^lej. 

Murley,  Rev.  C.  H.    South  Petherton,  Ilimnster. 

1868.  X^^i^f  Stephen. 

1862.  jMumey,  Henry,  M.D.    10  Chichester-street,  Belfast. 
1862.  |Murphy,  Joseph  John.    Old  Forge,  Dunmarry,  Co.  Antrim. 
1860.  tMurray,  Andrew, 

1867.  X^urray,  B.  A. 

Murray,  John,  F.G.S. ,  F.R.G.S.    60  Albemarle-street,  London,  W. ; 
and  Newsted,  Wimbledon,  Surrey, 

1869.  {Murray,  John,  M.D.    Forres,  Scotland. 

*MurraVf  John,  C.E.    11  Great  Queen-street,  Westminster,  London, 

s:w. 

tMurray,  Rev.  John.    Morton,  near  Thomhill,  Dumfriesshire. 
1888.  {Murray,  William.    84  Clavton-street,  Newcastle-on-Tyne. 
*Murton,  James.    Silverdale,  near  Lancaster. 
Musnave,  The  Venerable  Charles,  D.D.,  Archdeacon  of  Craven. 
Halifax. 
1881.  {Musgrove,  John,  jun.    Bolton. 

*Muspratt,  James  Sheridan,  Ph.D.,  F.C.S.  College  of  Chemistiy, 
Liverpool. 

1885.  {Myers,  Rev.  E.    17  Summerhill-tenrace,  Birmingham. 
1846.  fiMycr*,  Jiev.  Thomas.     York. 

1869.  §Mylne,  Robert  WiUiam,  F.R.S.,  F.G.S.,  F.S.A*    21  Whitehall-place, 

London,  S.W. 
1860.  {Myrtle,  J.  Y.,  M.D.    113  Princes-street,  Edinburgh. 

1850.  {Nachot,  H.  W.,  Ph.D.    59  Georgo-sti-eet,  Edinburgh. 

1842.  Nadin,  Joseph.    Manchester. 

1866.  {Napier,  James  R.    22  Blyth wood-square,  Glasgow. 

1839.  'Napier,  Right  Honourable  Joseph,    4  Merrion-squaro,  Dublin. 

K 
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*  Napier,  Captain  JohnsUme, 

1856.  JNapier,  Robert.    West  Chandon,  Gareloch,  Glasgow, 

Napper.  James  William  L.    Loughcrew,  Oldcasue.,  Co.  Meatli. 

1866.  §Nash,  D.  W.,  F.S.A.,  F.L.S.    13  Bays  Hill-terrace,  Cheltenham. 
1860.  *Nasmyth,  James.    Penge  Hurst,  Kent. 

Nasmyth,  Robert,  F.R.8.E.     6  Charlotte-square,  Edinburgh. 
1864.  JNatal,  William  Colenso,  Lord  Bishop  of. 
1860.  JNeate,  Charles,  M.A^  M.P.    Oriel  College,  Oxford. 

1867.  §Neaves,  The  Right  Hon.  Lord.    Edinburgh. 

1860.  \Necker^  Theodore,     Geneva, 

1846.  JNeild,  Arthur.    OUemshaw,  Whaleybridge,  by  Stockport. 

1863.  JNeill,  William,  Governor  of  HuU  Jail.    HuU. 

NeiUoUy  James  B, 

Neilson,  Robert.    Woolton-hill,  Liverpool. 
1866.  JNeilson,  Walter.    172  West  George-street,  Glasgow* 
1866.  JNeilson,  W.  Montgomerie.    Glasgow. 
1846.  XNeiam,  F.  Q.  P. 

1861.  •Nelson,  William.    Scotland  Bridge,  Manchester. 
1849.  :(Nesbit,  C.  J.    Lower  Kennington-lane,  London,    . 

Ness,  John.    Helmsley,  near  Y  ork. 

1866.  •Nevill,  Rev.  Samuel  Tarratt,  B.A.,  F.L.S.   Shelton  Rectory,  Man- 

chester. 

1861.  JNevill,  Thomas  Henry.     17  G^eorge-st^eet,  Manchester. 

1857.  jNeville,  John,  C.R,  M.R.I.A.    Dundalk,  Ireland. 

1862.  jNeville,  Parke,  C.E.    Town  HaU,  Dublin. 
1842.    New,  Herbert.    Evesham,  Worcestershire. 

Newall,  Henry.    Hare-hill,  Littleborough,  Lancashire. 
•Newall,  Robert  Stirling.    Gateshead-upon-Tyne. 

1867.  §Newbegin,  James.    Norwich. 

Newberry,  Rev.  Thomas,  MA.     The  Rectory,  Hinton,  Ilimnster, 

Somerset. 
Newbigging,  P.  S.  K.,  M.D.    Edinburgh. 
1866.  *Newdegate,  Albert  L.     11  Stanhope-place,  Hyde  Park,  London,  W. 

1864.  *Newlands,  James.    2  Clare-terrace,  Liverpool. 

1842.  *Newman,  Francis  William.    1  Dover-place,  Clifton,  Bristol. 
*Newman,  William.    Darley  Hall,  near  Barnsley,  Yorkshire. 
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1864.  JVale,  James  Theodorick.    Hamilton-square,  Birkenhead. 
•Vance,  Rev.  Robert.     16  Mtmtpellier-hill,  Dublin. 

1863.  JVandoni,  le  Commandeur  Comte  de.  Charge  d* Affaires  de  S.  M. 

Tunisienne,  Geneva. 
1863.  §  Varley,  Cornelius.    837  Kentish  Town-road,  London,  N.W. 
1854.  ^Varley,  CromtoeUF, 
1866.  *  Varley,  S.  Alfred.    66  Roman-road,  Holloway,  London,  N. 

1863.  JVauvert,  de  Mean  A.,  Vice-Consul  for  France.     Tynemouth. 

1849.  *Vaux,  F^derick.  Central  Telegraph  Office,  Adelaide,  South  Austrafia. 

Vavctsouvy  Sir  Henry  Menmnf  Bart 

Veitch,  A.  J.^  M.D, 

Vemey,  Sir  Harrv,  Bart.    Lower  Claydon,  Buckinghamshire. 
1866.  §Vemon,  Rev.  E.  H.  Harcourt.     Cotgrave  Rectory,  near  Nottingham. 

Vernon,  Geoi^e  John,  Lord.     32  Curzon-street,  London,  W.  j   and 
Sudbury  HaU,  Derbvshire. 

1864.  •Vernon,  George  V.,  F.lt. A.S.    PiccadiUy  Mills  j  and  Old  Trafford, 

Manchester. 
1864.  •Vernon,  John.    High  Lee,  Woolton,  Liverpool. 

Veysie,  Rev.  Daniel,  B.D,    Daventry. 
1864.  •Vicary,  William,  F.G.S.    The  Priory,  CoUeston,  Exeter. 
1859.  XVickerSy  Thomas. 

1864.  •Vignoles,  Charles,  C.E.,  F.R.S.,  M.R.LA.,  F.R.A.S.   21  Duke-street, 
Westminster,  London,  S.W. 
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1866,  JVivian,  Edward,  B.A.    Woodfield,  Torquay. 

•Vivian,  H.  Hussey,  M.P.,  F.G.S.    5  Upper  Belgrave-street,  London, 
S.W. ;  and  Singleton  House,  Swansea. 
1866.  SVoelcker,  J.  Cli.  Augustus,  Ph.D.,  F.G.S.  39  Argyll-road,  Ken- 
sington, London,  W. 
Voelker,  Projessor  Charles.    Sintzerland. 
Vye,  Nathaniel.    Ilfiracombe,  Devon. 

1860.  SWaddingham;  Jolin.     Guiting  Grange,  Winchcombe,  Gloucester- 
shire. 

1869.  tWaddington,  John.    New  Dock  Works,  Leeds* 

1866.  •Waldegrave,  The  Hon.  Gwurville.    26  Portland-place,  London^  W. 

1863.  t  Walker,  Alfred  O. 

1849.  f Walker^  Charles  V.,  F.R.S.,  F.R A.S.    Femside  Villa,  Redhill,  near 
Reigate. 
Walker,  Sir  Edward  S.    Berry  Hfll,  Mansfield. 
Walker,  Francis,  F.L.S.,  F.G.S.    Rectory  House,  The  Grove,  High  - 

gate,  London,  N. 
Walker,  Frederick  John.    Alltyr  Odyn,  Llandyssil,  Carmarthen. 

1866.  §Walker,  H.    Westwood,  Newport,  by  Dundee. 

1869.  {Walker,  James.    16  Norfolk-crescent,  London,  W. 

1866.  jWalker,  John.    1  Exchange-court,  Glasgow. 

1842.  •Walker,  John.    Thomcli&,  Leamington. 

1866.  tWalker,  John  James,  M.A.    2  Trinity  Colleffe^  Dublin. 
•Walker,  Joseph  N.,  F.L.S.    Caldeston,  near  Liverpool. 

1866.  •Walker,  J.  F.    16  Gilly  Gate,  York. 

1867.  'Walker,  Peter  G.    Dundee. 

1866.  tWalker,  S.  D.    88  Hampden-street,  Nottingham. 
•Walker,  Thomas.    10  lu)rk-street,  Manchester. 
Walker,  William.    47  Northumberland-street,  Edinburgh. 
Wall,  Rev.  R.  H.,  M.A.    6  Hume-street,  Dublin. 
1863.  SWallace,  Alfred  R.,  F,R.G.S.     9  MarkVcrescent,  Regent's-park, 

London,  N.W. 
1869.  {Wallace,  William,  Ph.Di,  F.C.S.     Chemical  Laboratory,  3  Bath- 
street,  Glasgow. 

1866.  {Waller,  Augustus  V.,  M.D.,  F.R.S.     Bruges. 

1867.  iWaller,  Edward.    Lisenderry,  Aiighnacloy,  Ireland. 

1862.  JWallich,  George  Charles,  M.D.,  F.L.S.    11  Earls-terrace,  Kensington, 
London,  W. 
Wallinger,  Rev.  William.     Hastings. 
Walmesley,  Sir  Joshua,  Knt.    Liverpool. 
Walmesley,  Joshua.    Lord-street,  Liverpool. 

1862.  {Walpole,  The  Right  Hon.  Spencer  Horatio,  M.A.,  D.C.L.,  M.P., 

F.R.S.     Ealing,  near  London. 
1867.  JWalsh,  Albert  .Jasper.     89  Harcourt-street,  Dublin. 

Walsh,  John  (Prussian  Consul).     1  Sir  John's  Quay,  Dublin. 

1863.  {Walters,  Robert.     Eldon-square,  Newcastle-on-Tyne. 

Walton,  Thomas  Todd.     Mortimer  House,  Clifton,  Bristol. 
1863.  §WankIyn,  James  Alfred,  F.R.S.E.,  F.C.S.      London  Institution, 
Finsbuijr-circus,  London,  E.C. 
Wansey,  William,  F.S.A.    Reform  Club,  London,  S.W. 
1867.  {Ward,  John  S.     Prospect-hill,  Lisbum,  Ireland. 
1847.  {Ward,  Nathaniel  Bagshaw,  F.R.S.,  F.L.S.    14  Clapham  Rise,  Lon- 
don, S. 
Wai-d,  Rev.  Richard,  M.A.    12  Eaton-place,  London,  S.W. 
1863.  {Ward,  Robert.    Dean-street,  Newcastle-on-Tyne. 
♦Ward,  William  Sykes,  F.C.S.    Denison  Hall,  Leeds. 
Warden,  WlUiam.     Chester, 
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1867.  SWarden,  Alexander,  J.    Dundee. 

1868.  JWardle,  Thomas.    Leek  Brook,  Leek,  Staffordshire. 

1865.  SWaring,  Dr.  E.  J.     28  Geowe-street,  Hanover-square^  London,  W. 

1864.  •Warner,  Edwin.     Higham  Ilall,  Woodford,  Essex. 
1856.  JWamer,  Thomas  H.  Lee.    Tiberton  Court,  Hereford. 

1865.  *Warren,  Edward  P.,  L.p.S.     13  Old-square,  Birmingham. 

Warwick^  William  Atkinson.    Wyddrington  House,  Cheltenham. 
1856.  }Washboume,  Buchanan,  M.D.    Gloucester. 
1847.  {Waterhouse,  G.  R.    British  Museum,  London,  W.C. 

•Waterhouse,  John,  F.R.S.,  F.G.S.,  F.R.A.S.    Wellhead,  Hali&x, 
Yorkshire. 
1854.  ^Waterhouse  Nicholas.    5  Rake-lane,  liyerpool. 

1854.  {Watkins,  James.    Bolton. 

1867.  §  Watson,  Rev.  Archibald,  D.D.    The  Manse,  Dundee. 

1855,  t  Watson,  Ebenezer.    16  Abercromby-place,  Glasgow. 
1867.  IWatson,  Frederick  Edwin.    Thickthom  House,  Norwich. 

•Watson,  Henry  Hough,  F.C.S.    The  Folds,  Bolton-le-Moors. 
Watson,  Hewett  Cottrell,  F.L.S.    Thames  Ditton,  Surrey. 
WaUoUf  James,     Glasgow, 
1855.  t Watson,  James,  M.D.     162  St.  \^cent-8treet,  Glasgow. 
1863.  f  Watson,  Joseph.    Bensham  Grove^  near  Gateshead-on-Tyne. 
1859.  f  Watson,  J.  Forbes.     India  Office,  London,  S.W. 

1863.  SWatson,  R.  S.     101  Pilmm-street,  Newcastle-on-Tyne. 

1867.  SWatson,  Thomas  D.     18  a  Basinghall-street,  London,  RC. 

1868.  j^ Watson,  William.    Bilton  House,  Harrogate. 

Watswiy  WUUam  H, 
1855.  JWatt,  George.    West  Regent-street,  Glasgow. 

1861.  |Watts,  Sir  James.    Abney  Hall,  Cheadle,  near  Manchester. 
1846.  JWatts,  John  King,  F.R.Cf.S.    St  Ives,  Huntingdonshire. 
1868.  jWaud,  Major  E.     Manston  Hall,  near  Leeds. 

Waud,  Rev.  S.  W.,  M.A.,  F.R.A.S.,  F.C.P.S.      Rettenden,   near 
Wickford,  Essex. 

1862.  SWaugh,  Major-General  Sir  Andrew  Scott,  R.E.,  F.R.S.,  F.RG.S., 

late  Surveyor-General  of  India,  and  Superintendent  of  the  Great 

Trigonometrical  Survey.     7  Petersham-terrace,  Queen's  Gate- 

gaidens,  London,  W. 
1859.  JWaugh,  Edwin.    Sager-street,  Manchester. 

•Way,  J.  Thomas,  F.C.S.,  Professor  of  Chemistry,  Royal  A^cultuial 

Society  of  England.    72  Victoria-street,  iJondon,  S.W, 
Webb,  Rev.  John,  M.A.,  F.S.A.    HardwicK  Parsonage,  Hay,  Sooth 

Wales. 
•Webb,  Rev.  Thomas  William;  M. A.,  F.R. A.S.   Hardwick  Parsonage, 

Hay,  South  Wales. 

1866.  •Webb,  William  Frederick,  F.R.G.S.    Newstead  Abbey,  Nottingham. 

1866.  J  Webster,  James.    Hatherley  Court.  Cheltenham. 
1859.  J  Webster,  John.    42  King-street,  Aoerdeen. 

1858.  I  Webster,  John.    Broomhall  Park;  and  St.  James*s-row,  Sheffield. 
1862.  JW^ebster,  John  Henry,  M.D.    Northampton. 

1864.  §  Webster,  John.    Belvoir-terrace,  Sneinton,  Nottingham. 

Webster,  Thomas,  M.A.,  F.R.S.    2  Great  George-street,  London. 
S.W. 

1853.  XWeddeUy  Thomas,     Scarborough, 

1846.  {Wedgewood,  Hensleigh.      17  Cumberland-terrace,  Regent's  Park, 
London,  N.W. 

1854.  JWeightinan,  William  Homy.    Litherland,  Liverpool. 

1885.  t Welch,  Christopher,  M.A.    University  Club,  PaUMall  East,  London, 
S.W\ 

1867.  SWeldon,  Walter.    Park-villa,  West  HiU,  Highgate,  London,  N. 
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1860.  jWemyss,  Alexander  Watson,  M.D.    St.  Andrews,  N.B. 

1860.  iWemyss,  William.    6  Salisbury-road,  Edinburgh. 

Wentworth,  Frederick  W.  T.  Vernon.  Wentworth  Castle,  near 
Bunsle J,  Yorkshire. 

1864.  •Were,  Anthony  Berwick.    Whitehaven,  Cumberland. 

1865.  iWealey,  William  Henry.    31  Clayland-road,  Clapham,  London^  S. 
1863.  t  West,  Alfred.    Holdemess-road,  Hull. 

1868.  IWest,  F.  H.    Chapel  Allerton,  near  Leeds. 
1863.  %West,  Leonard.    Summergan^  Cottage,  Hull. 
1863.  I  West;  Stephen.    Hessle  Orange^  near  Hull. 

1861.  tWestem,  Thomas  Burch.    Tattmgstone  House,  Ipswich. 
1861.  *We8teni,  Sir  T.  B. .  Bart.,  M.P.    Felix  Hall,  Kolvedon,  Essex. 
1842.    Westhead,  Edwara.    Chorlton-on-Medlock,  near  Manchester. 

Westhead,  John.     Manchester. 
1842.  ^Westhead,  Joshua  Proctor.    York  House,  Manchester. 
1861.  tWesthorpe,  Stirling.    Tower-street,  Ipswich. 

1867.  *We8tley,  William.    24  Regent-street,  London,  S.W. 

1863.  tWestmacott,  Percy.    Whidiham,  Gateshead,  Durham. 

1860.  $  Weston,  James  Woods.    Seedley  House,  Pendleton,  Manchester. 

1868.  t  Weston,  WiOiam,    Birkenhead, 

1864.  SWestropp,  W.  H.  S.,  M.R.LA.  2  Idrone-terrace,  Blackrock,  Dublin. 

1860.  iWestwood,  John  0.,  M.A.,  F.L.S.     Henley  House^  Summertown, 

Oxon. 

Wharton,  W.  L.,  M.A.    Drybum,  Durham. 
1863.  JWheatley,  E.  B.    Cote  Wall,  Merfield,  Yorkshire. 

Wheatstone,  Sir  Charles,  D.C.L.,  F.R.S.,Hon.  M.R.LA.,  Professor 
of  Experimental  Philosophy  in  King's  College,  London.  19  Park- 
crescent,  Regent's  Park,  London,  N.W. 

1866.  SWTieatstone,  Charles  C.     19  Park-crescent,  Regent's  Park,  London. 
1847.  JWheeler,    Edmund,      F.R.A.S.     48    ToUington-road,    HoUoway, 

London,  N. 

1863.  tWhitaker,  Charles  J.  P.    Milton  iffill,  near  Hull. 

1869.  •Whitaker,  William,  B.A.,  F.G.S.     Geological  Survey  Office,  28 

Jermyn-street,  London,  S.W. 
1866.  jWhite,  Charles,  F.R.G.S.    Bamesfield  House,  near  Dartford,  Kent. 

1864.  {White,  Edmund.    New  Bond-street,  Bath. 

White,  John.    80  Wilson-street,  Glasgow. 
1869.  t  White,  John  Forbes.    16  Bon  Accord-square,  Aberdeen. 
1866.  §White,  Joseph.    Regent's-street,  Nottingham. 
1869.  {White.  Thomas  Henry.    Tandragee,  Ireland. 

1861.  |Whitenead,  James,  M.D.    87  Mosley-street,  Manchester. 
1864.  {Whitehead,  James  W.    16  Duke-street,  Edge-hill,  Liverpool. 
1868.  {Whitehead,  J.  H.    Southsyde,  Saddleworth. 

1861.  ^Whitehead,  J.  B.    Oakley-terrace,  Rawtenstall,  Manchester. 
1861.  'Whitehead,  Peter  Ormerod.    Belmont,  Rawtenstall,  Manchester. 
1866.  *  Whitehouae,  WUdman. 

Whitehouse,  William.    10  Queen-street,  Rhyl. 
*  Whiteside,  Jamea,  M.  A.,  Lord  Chief  J  ustice  oi  Ireland.    2  Moun^oy- 
square,  Dublin. 
1866.  {Whitfield,  Samuel.    Golden  HiUock^  Small  Heath,  Birmingham. 

1861.  {Whitford,  J.    Gredan-terrace,  Hamngton,  Cumberland. 

1862.  {Whitla,  Valentine.    Beneden,  Belfast. 

Whitlej,  Rev.  Charles  Thomas,  M.A.,  F.R.A.S.,  Reader  in  Natural 
Philosophy  in  the  University  of  Durham.    Bedlington,  Morpeth. 

1866.  {Whittem,  James  Sibley.    Wyken  Colliery,  Coventry. 

1867.  •Whitty,  John   Irwine,  C.E.,  M.A.,   D.C.L.,  LL.D.,  Ricketstown 

Hall,  Carlow. 

1863.  •Whitwell,  Thomas.    Stockton-on-Tees. 
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•Wliitworth,  Josejbh,  LL.i).^  F.E.S.     The  Firs,=  Mancheater;  aad 
Stanclifie  HaU,  Derbyshire. 
1867.  t Widdup,  — .    Penzance ;  and  Kilburn,  Co.  "V^^exfofd. 
1866.  IWigffin,  Henrj.    Metchley  Grange^  Hafboume,  Binmnghaxn. 

1863.  X  Wiffham,  John,    IhMn. 
1862.  tWigham,  Robert.    Norwich. 

1864  sWight,  Robert,  M.D.,  F.R.S.,  F.L.S.    Grazeley  Lodge/  Reading. 

1860.  JWilde,  Henry.    2  St.  Aiin'a-place,  Manchester. 

1862.  JWilde,  Sir  Wfliiam  Robert,  M.D.,  M.R.I.A.      1  Menion-sqiiare 

North,  Dublin. 
Wilderspiri,  Samuel.     Waiefield. 
1866.  JWilkie,  John.    46  George-square,  Glasgow. 

1861.  •Wilkinson,  Eason,  M.D.    Greenheys,  Manchester. 
1857.  IWilkinson,  George.    Monkstown,  Ireland. 

1869.  f  Wilkinson,  Robert.    Totteridge  Park,  Hertfordshire, 
WiUan^  WiUiam, 
•Willert,  Paul  Ferdinand.    Manchester. 
1869.  tWillet,  John,  C.E.    36  Albyn-place,  Aberdeen. 
•Williams,  Caleb,  M.D.    Micklegate,^  York. 

Williams,  Charles  James  B.,  M.l).,  F.R.S.,  Professor  of  Sfedicine  in 
University  College,  London.    49  Upper  Brook-street,  Qposrenor- 
square,  London,  W. 
1861,  *William8,  Charles  Theodore,  B.A.    49  Upper  Brook-street,  London. 

1864.  •Williams,  Frederick  M.,  M.P.,  F.G.S.      uoonvrea,  Perranarworthal, 

Cornwall. 
1861.  •Williams,  tlMry  Samuel.    49  Uppef  Brook-stfeet,  Grosvenbr-square, 

London,  w. 
1857.  tWilliams,  Kev.  Jafnes.    LlanfiEdringhomwy,  Holyhead. 
Williams,  Richard.    88  Dame-street,  Dublin. 
Williams,  Robert,  M.A.    Bridehead,  Dorset. 
1861.  tWiUiams,  R.  Price.    22  Ardwick  Green,  Manchester. 

Williams,  Walter.     St.  Alban's  House,  Edgbaston,  Hrmingham. 
•Williams,  William.    Highbury-crescent,  London,  N. 

1866.  JWiUiams,  William  M.    The  Oelyn,  Caergwele,  hear  Wrexham. 
1850.  •Williamson,  Alexander  Williain,  Ph.D.,  F.R.S.,  F.C.S.,  Profeswr 

of  Chemistiy,  and  of  Practical  Chemistry,  University  Colleg*^, 
London.    12  Fellows-roaid,  Haverstock-hill,'  London,'  N.W. 

1867.  ^Williamson,  Benjamin.    Trinity  tloHege,  Dublin. 

1863.  JWilliamson,  John.    South  Shiel48. 

•Williamson,  Rev.  William,  B.I).      DatcWorth,^^  Welwyn,  Hert- 
fordshire. 
WSHamsonf  W,  C     Manchester^ 

Willis,  Rev.  Robert,  M.A.,  F.ll.S.,  Jacksohian  Professor  of  Natural 
and  Experimental  Philosonhy  in  the  University  of  Cambridge. 
23  York-terrace,  Regent's  Park,  London,  N*W. ;  and  CamWidge. 

1865.  'Willmott,  Plenry.    Mona  House,  Handsworth,  Birmingham. 
1867.  IWillock,  Rev.  W.  N.,  D.D.     Oleenish,  Enniskillen,  Ireland. 
18$9.  •Wills,  Alfred.    4  Harcourt-buildings,  Inner  Temple,  London,  E.C. 
1865.  JWills,  Arthur  W.    Edgbaston,  Birmingham. 

Wills,  W.  R.    Edgbaston,  Birmingham. 
•Wilflon,  Alexander,  F.R.S.    84  Bryanston-smjare,  London,  W. 

1859.  §Wilson,  Alexander  Stephen,-  C.E.      North  Kinmundy,  SummerhiU, 

by  Aberdeen. 

1860.  jWilfion,  Dr.  Daniel.    Toronto,  Ujftper  Canada. 
1863.  J  Wilson,  Frederic  R.    Alnwick,  Northiimberland. 
1847.  •Wilson,  F.    Leaminfifton. 

1863.  §Wilson,  George,    ifiiwick. 

1861.  ^Wilson,  George  Daniel.    24  Ardwick  Green,  Manchester. 
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1865.  jWikon,  ^li^Ii.'    75  Glaasford-street,  fcflasgow. 

1847.  JWilson,  James  Hewetson.    The  Grange,  vVorfjh,  S*ussex. 

1857.'  I  WDflon^  James  Moncrieff.    9  College  Green,'  Dublin. 

1858.  •Wilson,  John.    Seacroft,'  near  Leeds. 
•Wilson,  John.    Bootham,' York.  . 

1856.  *Wil8on,  jfohn,  jim.    West  Hurlet,  heai  Glasgow. 

1865.  SWilson,  J.  M„  M.A.    Rugby, 

Wilson,  Professor  Jolm,  l.G.S^'  F.R.S.E.     Geological  Museum, 
Jermyn-street,  iiondon,  S.W. 
1847.  *Wil8on,  Rev.  Sumner.    l*restoh  Oandover,  Micheldever  Station. 
•Wilson,  Thomas,  M.A.     Crimbles  Jflouse,  Leeds. 

1859.  JWilson,  Thomas.    Tiinbridge  Wells. 

1863.  •Wilson,  Thomas.    ShotleyHall,  Gateshead,  Durham. 
1861.  :( Wilson,  Thomas  Bright,    24  Ardwick  Green,  Manchester.' 
1867.  SWilson,  Rev.  William.    Free  St.  Paul's,  Dundee. 

1847.  *Wil8on,  William  Parkinson,  IVt.A.,  Professor  of  Pure  and  Applied 

Mathematics  in  the  University  01  Melbourne. 

1861.  JWiltshire,  Rev.  Thomas,  M.A.,  F.G.'S.,  F.R.A.S.    Rectory,  Bread- 
street-hill,'  licxidon,  E.G. 

1846.  ^Winchester,  The  Marquis  of.    Amport  House,  Andover. 

1866.  *Windley,  W.     Mart>erley,  Nottinghani. 

•Winsor,  R  A.    6*0  Lincioln's  Inn  Fields,  London,  W.C. 
1854.  X  Winter;  Thomas. 
1863.  ♦Winwood,  Rev.  fl.  H.,  M.A.,  F.G.S.     4  Cavendisli-crescent,  feith. 

1848.  JWise,  Rev.  Stainton,  M.D.     Banbury. 

1856.  tWitts,  Rev.  E.  F.     Upper  Slaughter,  Cheltenham. 

•Wollaston,  Thomas  Vernon,  M.A.,  F.L.S.    Barnpark-terrace,  Teign- 
mouth. 
1850.  XWood,  Alexander. 
1863.  ♦Wood,  C.  L.    fiowlish  Btall,  Kshop  Auckland. 

1863.  tWood,  Edward,  F.G.S.     Richmond,  Yorkshire. 

1861.  •Wood,  Edward  T.    Brinscall  Hall,  Chorley,  Lancashire. 

1860.  X  Wood,  George,  M.A. 

1861.  •Wood,  George  B.,  M.D.    Philadelphia,  United  States. 

1856.  •Wood,  Rev.  H.  H.,  M.A.,  F.G.S.      Holwell  Rectory,  Sherborne, 

Dorset. 
•Wood,  John.    St.  Saviour  Gate,  York. 
Wood,  Peter,  M.D. 

1864.  SWood,  Richard,  M.D.     Driffielrf,  Yorkshire. 
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